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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Yojiro MATSUEDA 

U.S. National Stage of PCT/JPOO/07175 

Filed: June 18, 2001 Docket No.: 109503 

For: DISPLAY DEVICE 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract filed with the attached Abstract hereto: 
IN THE SPECIFICATION : 

Please replace the specification with the substitute specification attached herein. 
IN THE CLAIMS : 

Please replace claims 1-26 as follows: 

1. (Amended) A display device, comprising: 

a display drive having a plurality of scanning Imes and a plurality of data lines 
formed in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, the display drive performs display control 
using a liquid crystal by driving said scanning lines and said data lines; 
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a scanning line driver that selects and drives said scanning lines, the scanning 
line driver being allocated corresponding to a length in a colimm direction of said display 
drive; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated corresponding to the length in a row direction of said display 
drive; 

a column decoder allocated corresponding to the length in the row direction of 
said display drive, the column decoder selects said memory cells for storing an input image 
signal; 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive, to switch on the basis of a selection by said column 
decoder and the image signal and storing the image signal to said memory cells selected by 
said column decoder; and 

a data line driver allocated corresponding to the length in the row direction of 
said display drive, the data line driver drives said data lines on the basis of the image signal 
stored in said memory, the data line driver further being integrated on a semiconductor or an 
insulating substrate and integrally formed therewith, 

2, (Amended) A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of data lines 
formed in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, the display drive performs display control 
using a liquid crystal by driving said scanning lines and said data lines; 
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a scanning line driver that selects and drives said scanning lines, the scanning 
line driver being allocated to have a length in a column direction equal to or smaller than a 
length in a rovv^ direction of said display drive; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated to have a length in a row direction thereof equal to or smaller 
than the length in the row direction of said display drive; 

a column decoder allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive, the column decoder selects 
said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive, to switch on the 
basis of a selection by said column decoder and the image signal and storing the image signal 
to said memory cells selected by said column decoder; and 

a data line driver allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive section, the data line driver 
drives said data lines on the basis of the image signal stored in said memory, the data line 
driver further being integrated on a semiconductor or an insulating substrate and integrally 
formed therewith. 

3. (Amended) A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of data lines 
formed in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, the display device emits an organic EL 
elements connected to said active elements by driving said scanning lines and said data lines 
to perform display control; 
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a scanning line driver that selects and drives said scanning lines, the scanning 
line driver being allocated corresponding to a length in a column direction of said display 
drive; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated corresponding to the length in the row direction of said display 
drive; 

a column decoder allocated corresponding to the length in the row direction of 
said display drive, the column decoder selects said memory cells for storing an input image 
signal; 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive to switch on the basis of a selection by said column 
decoder and the image signal and storing the image signal to said memory cells selected by 
said colunm decoder; and 

a data line driver allocated corresponding to the length in the row direction of 
said display drive section, the data line driver drives said data lines on the basis of the image 
signal stored in said memory, the data hne driver further being integrated on a semiconductor 
or an insulating substrate and integrally formed therewith, 
4. (Amended) A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of data lines 
formed in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to emit an organic EL element connected to 
said active elements by driving said scanning lines and said data lines to perform display 
control; 
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a scanning line driver that selects and drives said scanning lines, the scanning 
line driver being allocated to have a length in a column direction equal to or smaller than a 
length in the column direction of said display drive; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated to have a length in a row direction thereof equal to or smaller 
than the length in the row direction of said display drive; 

a column decoder allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive, the column decoder selects 
said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive, to switch on the 
basis of a selection by said column decoder and the image signal and storing the image signal 
to said memory cells selected by said column decoder; and 

a data line driver allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive^ the data line driver drives 
said data lines on the basis of the image signal stored in said memory, the data line driver 
further being integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

5. (Amended) A display device, comprising: 

a display drive having a plvirality of scanning lines and a plurality of bit lines, 
and a liquid crystal display that is controlled by driving the corresponding scanning lines and 
bit lines and provided on a dot-by-dot basis as minimum units of display control, and formed 
in a matrix form; 
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a memory having a plvirality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of the display drive, 
the memory being allocated corresponding to the length in the row direction of said display 
drive; 

a column decoder allocated corresponding to the length in the row direction of 
said display drive, the column decoder selects the memory cells for storing an input image 
signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive, to switch on the basis of a selection by said column 
decoder and the image signal and storing the image signal to said memory cell selected by 
said column decoder, the column decoder being integrated on a semiconductor or insulating 
substrate and integrally formed therewith. 

6. (Amended) A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of bit lines, 
and a liquid crystal display that is controlled by driving the corresponding scanning lines and 
bit lines and provided on a dot-by-dot basis as minimum imits of display control, and formed 
in a matrix form; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated to have a length in a row direction thereof equal to or smaller 
than the length in the row direction of said display drive, and each of the memory cells being 
connected to each of the bit lines; 

a column decoder allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive, the column decoder selects 
said memory cells for storing an input image signal; and 
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a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive, to switch on the 
basis of a selection by said colunan decoder and the image signal and storing the image signal 
to said memory cells selected by said column decoder, the column selection switch section 
being integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

7. (Amended) A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of bit lines, 
and organic EL elements to be controlled in luminescent display by driving the corresponding 
scanning lines and bit lines and provided on a dot-by-dot basis as minimum units of control in 
display, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated corresponding to the length in the row direction of said display 
drive, and each of the memory cells being connected to each of the bit lines; 

a column decoder allocated corresponding to the length in the row direction of 
said display drive, the column decoder selects said memory cells storing an input image 
signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive, to switch on the basis of a selection by said column 
decoder and the image signal and storing the image signal to said memory cell selected by 
said column decoder, the column selection switch section being integrated on a 
semiconductor or an insulating substrate and integrally formed therewith. 
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8. (Amended) A display device, comprising: 

a display drive having a plurality of seaming lines and a plurality of bit lines, 
and organic EL elements to be controlled in luminescent display by driving the corresponding 
scanning lines and bit lines and provided on a dot-by-dot basis as minimiim units of control in 
display, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of storing an 
image signal for performing display control of dots in at least one row of said display drive, 
the memory being allocated to have a length in a row direction thereof equal to or smaller 
than the length in the row direction of said display drive and each of the memory cells being 
connected each of the bit lines; 

a colrnnn decoder allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of said display drive, the column decoder selects 
said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive, to switch on the 
basis of a selection by said column decoder and the image signal and storing the image signal 
to said memory cells selected by said column decoder, the column selection switch section 
integrated on a semiconductor or an insulating substrate and integrally formed therewith. 

9. (Amended) A display device as claimed in claim 1 , wherein the number of 
said memory cells, which are allocated corresponding to the length in the row direction of 
said display drive and capable of storing the image signal for display control of the dots on 
one row of said display drive, is structured redundantly. 

10. (Amended) A display device as claimed in claim 1, wherein said memory 
connects said memory cells in the number capable of storing an image signal for display 
control of the one-row dots to each of word lines in the number equal to the number of said 

-8- 
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scanning lines and is stmctured with a memory array corresponding to dot arrangement of 
said display drive, and 

a word line driver that selects and drives said word Unes are further integrated 
on and integrally formed with said substrate. 

1 1 . (Amended) A display device as claimed in claim 10, wherein, on the basis of 
an address signal representative of a display position and a storage position, said scanning 
line driver selects said scanning lines and said word line driver selects said word lines. 

12. (Amended) A display device as claimed in claim 11, wherein the same 
address signal is inputted to said scanning line driver and said word line driver. 

1 3 . (Amended) A display device as claimed in claim 1 1 , wherein independent 
address signals are inputted to said scanning line driver and said word line driver. 

14. (Amended) A display device as claimed in claim 11, wherein said scanning 
line driver operates to select and drive said scanning lines on the basis of the address signal 
only when a scanning line driver control signal is inputted, and said word line driver operates 
to select and drive said word lines on the basis of the address signal only when a word line 
driver control signal is inputted. 

15. (Amended) A display device as claimed in claim 11, said colunrn decoder 
section selecting the memory cell to store an inputted image signal on the basis of the address 
signal. 

16. (Amended) A display device as claimed in claim 15, wherein one pixel 
comprises three dots provided for developing and displaying red, blue and green as light 
source colors, the image signal is inputted on the basis of a unit of one-pixel, and said column 
decoder selects the memory cell in an amount of one pixel. 

17. (Amended) A display device as claimed in claim 15, wherein one pixel 
comprises three dots provided for developing and displaying red, blue and green as light 
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source colors, the image signal is inputted on the basis of a unit of a plurality of pixels, and 
said column decoder selects the memory cell in an amount of a plurality of pixels. 

18. (Amended) A display device as claimed in claim 1, wherein an input 
interconnection for the image signal to be stored in said memory cell and said column 
selection switch section are formed on a side opposite to said display drive sandwiching said 
memory therebetween. 

19. (Amended) A display device as claimed in claim 1, wherein said memory is 
allocated with the memory cell corresponding to the length in the row direction of said 
display drive and formed in a multi-stage structiire. 

20. (Amended) A display device as claimed in claim 10, said word lines being 
provided in the number of integer times the number of the scarming lines, and said memory 
being structured by a memory array coimecting, by grouping, the memory cells in the number 
capable of storing the image signal for display control of the one-row dots of said display 
drive to the word lines in the number of the integer times. 

21 . (Amended) A display device as claimed in claim 1 , wherein said memory is 
structured by a memory array having the memory cells that are in the number capable of 
storing the image signal for display control of a plurality of rows of the dots of said display 
drive and allocated corresponding to the length in the row direction of said display drive. 

22. (Amended) A display device as claimed in claim 1 , wherein said memory is 
structured by a memory array having the memory cells that are in the number capable of 
storing the unage signal for display control of a plurality of rows of the dots of said display 
drive and allocated to have a length in the row direction equal to or smaller than the length in 
the row direction of said display drive. 



-10- 



U.S. National Stage of PCT/JPOO/07175 

23. (Amended) A display device as claimed in claim 22, farther comprising: 

a timing controller that controls a timing of transmitting the address signal, 

and 

a memory controller that controls the transmitting of the image signal, the 
memory controller being integrated on a semiconductor or an insulating substrate and 
integrally formed therewith. 

24. (Amended) A display device as claimed in claim 1, wherein a D/A converter 
is provided between said display drive and said memory cell that converts the image signal 
comprising a digital signal stored in the memory cell into an analog signal, followed by 
supplying to said display drive. 

25. (Amended) A display device as claimed in claim 1, wherein said display drive 
and said memory are directly coupled to supply the image signal comprising a digital signal 
stored in said memory to said display drive. 

26. (Amended) A display device as claimed in claim 25, wherein said display 
drive performs digital drive through area tonal level, time-division tonal level or a 
combination thereof. 

REMARKS 

Claims 1-26 are pending. By this Preliminary Amendment, the Abstract, specification 
and claims 1-26 are amended. 

The attached Appendix includes marked-up copies of the substitute specification 
(37 C.F.R. 1, 125(b)(2)) and claims (37 C.F.R. 1.121(c)(l)(ii)). 
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ABSTRACT OF THE DISCLOSURE 
The invention provides a display device having, integrated on a substrate and 
integrally formed therevsrith, an active-matrix LCD section having a plurality of scanning lines 
and a plurality of data lines formed in a grating form corresponding to dots, and active 
elements according to the respective intersections to perform display control using a liquid 
crystal by driving the scanning lines and the data lines. The display device further including a 
row decoder for selecting the scanning lines, a memory cell section having memory cells that 
are in the number capable of storing an image signal for display control of dots in at least one 
row of a display drive section and allocated corresponding to the length in the row direction 
of the display drive section. The display device further having a column decoder section for 
selecting a memory cell to be stored with an inputted image signal, a column selection switch 
section switching on the basis of a selection by the column decoder section 51 and the image 
signal and storing the image signal to the memory cell selected, and a k-bit DAC section 41 
for driving a data line on the basis of the image signal stored in the memory cell section. 



-13- 



Docket No. 109503 U.S. National Stage of PCT/JPOO/07175 

APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 

ABSTRAC T OF THE DISCLOSURE 

To obtain a display device talcing into c onsideration layout efficiency, etc., in the 

case of integrally forming a peripheral ci rc ui t on a glass substrate. 

The invention provides a display device having. l integrated on a substrate and 
integrally formed therewith^ an active-matrix LCD section-5 having a plurality of scanning 
lines and a plurality of data lines formed in a grating form corresponding to dots, and active 
elements according to the respective intersections to perform display control using a liquid 
crystal by driving the scanning lines and the data lines^^ The display device further including 
a row decoder 34-for selecting the scanning lines, a memory cell section §^having memory 
cells that are in the number capable of storing an image signal for display control of dots in at 
least one row of a display drive section and allocated corresponding to the length in the row 
direction of the display drive section^j The display device further having a column decoder 
section ^for selecting a memory cell to be stored with an inputted image signal, a column 
selection switch section #3-switching on the basis of a selection by the column decoder 
section 51 and the image signal and storing the image signal to the memory cell selected, and 
a k-bit DAC section 41 for driving a data line on the basis of the image signal stored in the 
memory cell section. 
Changes to Claims: 

The following is a marked-up version of the amended claims: 

1 . (Amended) A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display and 

A-1 
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active elements provided corresponding to intersections, to perform t he display drive 
performs display control using a liquid crystal by driving said scanning lines and said data 
lines; 

a scanning line driver s e ct i o n that selects and drives said scanning lines, the 
scanning line driver being allocated corresponding to a length in a column direction of said 
display drive section, to select and drive said scanning lines ; 

a memory cell section h aving a plurality of memory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ the memory being section and allocated corresponding to the 
length in a row direction of said display drive section ; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive^ section, to select t he column decoder selects said memory cells 
for storing an input image signal; 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive s e ction, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said memory 
cells selected by said column decode r section ; and 

a data line driver section allocated corresponding to the length in the row 
direction of said display drive , the data line driver drives section, to drive -said data lines on 
the basis of the image signal stored in said memor y cell section , the data line driver further 
being 

^^integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

2. (Amended) A display device, comprising: 

A-2 
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a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display and 
active elements provided corresponding to intersections, to perform t he display drive 
performs display control using a liquid crystal by driving said scanning lines and said data 
lines; 

a scanning line driver section that selects and drives said scanning lines, the 
scanning line driver being allocated to have a length in a column direction equal to or smaller 
than a length in a row direction of said display drive section, to select and drive said scanning 

a memory cell section having a plurality of m emory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^^ section and t he memory being allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of said display 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive^ section, to select t he 
column decoder selects said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section , to switch 
on the basis of a selection by said column decoder section and the image signal and storing 
the image signal to said memory cells selected by said colimm decode r section ; and 

a data line driver section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to drive the data 
line driver drives said data lines on the basis of the image signal stored in said memory-eell 
section , the data line driver further being 

A-3 
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integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

3, (Amended) A display device^ comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display and 
active elements provided corresponding to intersections, to emit t he display device emits an 
organic EL elements connected to said active elements by driving said scanning lines and said 
data lines to perform display control; 

a scanning line driver section t hat selects and drives said scanning lines, the 
scanning line driver being allocated corresponding to a length in a column direction of said 
display drive section, to select and drive said scanning lines ; 

a memory cell section h aving a plurality of m emory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ section and t he memory being allocated corresponding to the 
length in the row direction of said display drive section ; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive^ section, to select t he column decoder selects said memory cells 
for storing an input image signal; 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section t o switch on the basis of a selection by said column 
decoder section and the image signal and storing the image signal to said memory cells 
selected by said column decode r section ; and 

a data line driver section allocated corresponding to the length in the row 
direction of said display drive section^ to drive the data line driver drives said data lines on 
the basis of the image signal stored in said memor y cell section , the data line driver further 
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being integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

4. (Amended) A display device, comprising: 

a display drive section h aving a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display and 
active elements provided corresponding to intersections, to emit an organic EL element 
connected to said active elements by driving said scanning lines and said data lines to perform 
display control; 

a scanning line driver section t hat selects and drives said scanning lines, the 
scanning line driver being allocated to have a length in a colxmm direction equal to or smaller 
than a length in the column direction of said display drive section, to select and drive said 
scanning lines ; 

a memory cell section h aving a plurality of memory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ section and t he memory being allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of said display 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive^ section, to select t he 
column decoder selects said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section , to switch 
on the basis of a selection by said colvimn decoder section and the image signal and storing 
the image signal to said memory cells selected by said column decoder section ; and 
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a data line driver section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive^ section, to drive fl iedata 
line driver drives said data hnes on the basis of the image signal stored in said memory-eeH 
see^en. the data line driver further being 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

5. (Amended) A display device, comprising: 

a display drive section h aving a plurality of scanning lines and a plurality of bit 
Hnesline, and a liquid crystal controlled in display that is controlled by driving the 
corresponding saidr-scanning lines and bit lines and provided on a dot-by-dot basis as 
minimum units of display control, and formed in a matrix form; 

a memory cell section h aving a plurality of memory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of the display drive^ r^oction and t he memory being allocated corresponding to the 
length in the row direction of said display drive section ; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive^ <;nrtinn, nnd tn r3clQct and t he column decoder selects the 
memory cells for storing an input unage signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section , to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said memory cell 
selected by said colunm decode r section , the column decoder being 

integrated on a semiconductor or insulating substrate and integrally formed 

therewith. 
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6. r Amended) A display device, comprising: 

a display drive section h aving a plurality of scanning lines and a plurality of bit 
lines, and a liquid crystal controlled in display that is controlled b y driving the corresponding 
scanning lines and bit lines and provided on a dot-by-dot basis as minimum units of display 
control, and formed in a matrix form; 

a memory cell section h aving a plurality of m emory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ r.oction and t he memory being allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of said display 
drive section, and each of the memory cells being connected to each of the bit lines; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive^ section, to select fl ie 
column decoder selects said memory cells for storing an input image signal; and 

a colurrm selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display driv e section , to switch 
on the basis of a selection by said column decoder section and the image signal and storing 
the image signal to said memory cells selected by said colunan decoder-see#en, the column 
selection switch section being 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

7. (Amended) A display device, comprising: 

a display drive section h aving a plurality of scanning lines and a plurality of bit 
lines, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scanning lines and bit lines and provided on a dot-by-dot basis as minimum 
units of control in display, and formed in a matrix form; 
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a memory cell Goction h aving a plurality of m emory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ r.nctinn and t he memory being allocated corresponding to the 
length in the row direction of said display drive section , and each of the memory cells being 
connected to each of the bit lines; 

a column decoder seetien-allocated corresponding to the length in the row 
direction of said display drive^ mnrtinn . to nclect t he column decoder selects said memory cells 
storing an input image signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section , to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said memory cell 
selected by said column Hpr.nder-^=teetH^ . the colunrn selectio n switch section being 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

8. (Amended) A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scanning lines and bit lines and provided on a dot-by-dot basis as minimimi 
units of control in display, and formed in a matrix form; 

a memory cell section h aving a plurality of m emory cells that are in the 
number capable of storing an image signal for performing display control of dots in at least 
one row of said display drive^ section and t he memory being allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of said display 
drive section and each of the memory cells being connected each of the bit lines; 
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a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive^ section, to select tf ie 
column decoder selects said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section , to switch 
on the basis of a selection by said column decoder section and the image signal and storing 
the image signal to said memory cells selected by said column decode r section , the column 
selection switch section 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

9. (Amended) A display device as claimed in claim l anv one of claims 1 to 8 , 
wherein the number of said memory cells, which areis allocated corresponding to the length 
in the row direction of said display drive section and capable of storing the image signal for 
display control of the dots on one row of said display drive section , is structured redundantly. 

1 0. (Amended) A display device as claimed in claim l anv one of claims 1 to 8 , 
wherein said memory cell section connects said memory cells in the number capable of 
storing an image signal for display control of the one-row dots to each of word lines in the 
number equal to the number of said scanning lines and is structured with a memory array 
corresponding to dot arrangement of said display drive section , and 

a word line driver that selects and drives section for selecting and driving said 
word lines are further integrated on and integrally formed with said substrate. 

1 1 . (Amended) A display device as claimed in claim 1 0, wherein, on the basis of 
an address signal representative of a display position and a storage position, said scanning 
line driver section selects said scanning lines and said word line driver section selects said 
word lines. 
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12. fAmended) A display device as claimed in claim 1 1 , wherein the same 
address signal is inputted to said scanning line driver section and said word line driver 
section . 

13. (Amended) A display device as claimed in claim 11, wherein independent 
address signals are inputted to said scanning Une driver section and said word line driver 
section . 

14. (Amended) A display device as claimed in claim 11, wherein said scaiming 
line driver seetien-operates to select and drive said scarming lines on the basis of the address 
signal only when a scaiming line driver control signal is inputted, and said word line driver 
seetien-operates to select and drive said word lines on the basis of the address signal only 
when a word line driver control signal is inputted. 

15. (Amended) A display device as claimed in claim 11, wherein said column 
decoder section selaets -selecting t he memory cell to store an inputted image signal on the 
basis of the address signal. 

16. (Amended) A display device as claimed in claim 15, wherein one pixel 
comprises three dots provided for developing and displaying red, blue and green as light 
source colors, the image signal is inputted on the basis of a unit of one-pixel , and said 
column decoder section selects the memory cell in an amount of one pixel. 

17. (Amended) A display device as claimed in claim 15, wherein one pixel 
comprises three dots provided for developing and displaying red, blue and green as light 
soxxrce colors, the image signal is inputted on the basis of a unit of a plurality of pixels , and 
said column decoder section selects the memory cell in an amoxmt of a plurality of pixels. 

18. (Amended) A display device as claimed in claim l any one of claims 1 to 8 , 
wherein an input interconnection for the image signal to be stored in said memory cell and 
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said column selection switch section are formed on a side opposite to said display drive 
section sandwiching said memory cell section t herebetween. 

19. (Amended) A display device as claimed in claim l any on e of claims 1 to 8 , 
wherein said memory cell section is allocated with the memory cell corresponding to the 
length in the row direction of said display drive section and formed in a multi-stage structure. 

20. r Amended) A display device as claimed in claim 10, wherein said word lines 
beinga fe provided in the number of integer times the number of the scanning lines, and said 
memory coll section is b eing structured by a memory array connecting , by grouping, the 
memory cells in the number capable of storing the image signal for display control of the one- 
row dots of said display drive section t o the word lines in the number of the integer times. 

21 . (Amended) A display device as claimed in claim l any one of claims 1 to 8 , 
wherein said memory cell section is structured by a memory array having the memory cells 
that are in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated corresponding to the length in the 
row direction of said display drive section . 

22. (Amended) A display device as claimed in claim l any one of claims 1 to 8 , 
wherein said memory cell section is structured by a memory array having the memory cells 
that are in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated to have a length in the row 
direction equal to or smaller than the length in the row direction of said display drive section . 

23. (Amended) A display device as claimed in claim 22 anv one of claims 1 1 to 
22, further comprising: 

a timing controller section for controlling t hat controls a t iming of transmitting 
the address signal, and 
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a memory controller that controls the transmitting o f Gcction for controlling to 



transmit the image signal, the memory controller being 



■integrated on a semiconductor or an insulating substrate and integrally formed 



therewith. 



24. (Amended) A display device as claimed in claim l any one of claims 1 to 8 , 
wherein a D/A converter is provided between said display drive section and said memory cell 
that converts soctionfor converting the image signal comprising a digital signal stored in the 
memory cell into an analog signal, followed by supplying to said display drive section . 

25. (Amended) A display device as claimed in claim l any one of claims 1 to 8 , 
wherein said display drive section and said memory cell section are directly coupled to supply 
the image signal comprising a digital signal stored in said memory cell section t o said display 
drive section . 

26. (Amended) A display device as claimed in claim 25, wherein said display 
drive section p erforms digital drive through area tonal level, time-division tonal level or a 
combination thereof. 
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BACKGROUND OF THE INVENTION 



1. 



Field of Invention 



[0001] The present invention relates to display devices. More particularly, 
the invention relates to a drive circuit or the like to produce a display on a liquid 
crystal display (LCD) or an organic electro luminescent display (OELD). 
2. Description of Related Art 

[0002] Recently, the number display devices using liquid crystal (hereinafter 
referred to as display) is increasing rapidly. The display of this type is low in power 
consumption and improved in saving space in comparison with a CRT display. 
Accordingly, it is important to make use of the merits of such a display and produce a 
display that is lower in power consumption and improved in saving space, 

[0003] Fig. 1 1 is a block diagram of a system used to produce a display on a 
display device with a TFT display. This system includes an image signal source 100 
and a TFT liquid crystal display panel lOL The image signal source 100 is formed, at 
least, by a CPU lOOA, a RAM lOOB, a frame memory lOOC and an LCD controller 
lOOD. The CPU lOOA is an operation controller that transmits display data while 
exchanging data with the RAM lOOB as a general-purpose memory. The memory 
RAM lOOB is provided not only as a display memory, and hence can require frame 
memory lOOC to store data for display. The frame memory lOOC temporarily stores 
display data for one screen of a liquid crystal panel lOlC (hereinafter, the data for one 
pixel is given as display data, and each binary signal forming the display data is 
referred to as an image signal). The LCD controller lOOD can implement 
transmission control or the Hke of display data in order to display in timing the display 
data stored in the frame memory lOOC in display positions on the liquid crystal panel 
lOlC. Herein, although the CRT requires the display data to be converted into analog 
data, the display data herein is transmitted by an image signal as digital data on the 
assumption that the interface of the liquid crystal display corresponds to digital data. 
If the image signal is digital data, D/A conversion is not required on the side of the 
TFT liquid crystal display panel 101, 

[0004] The TFT liquid crystal display panel 101 includes a scanning line 
driver 101 A, a digital data driver 10 IB and a liqmd crystal panel lOlC. The scanning 
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line driver 101 A controls display in a scanning line (row) direction on the basis of 
timing data transmitted from the LCD controller lOOD. The digital data driver lOlB 
can receive and process digital-data image signal. The digital data driver lOlB 
controls display in a data-line (colunm) direction on the basis of timing data 
5 transmitted from the LCD controller lOOD. Thereupon, display tonal level can also be 
controlled. The liquid crystal panel lOlC is a panel having (Thin Film Transistors) 
TFTs to make display under the control of the scanning line driver 101 A and digital 
data driver lOlB. 

[0005] In such a system, the LCD controller 1 OOD must transmit to the 
a 10 digital data driver lOlB the display-data image signal for the entire screen temporarily 
Sj stored in the frame memory 1 OOC. Moreover, transmission timing by progressive 

scanning is fixed. Consequently, there is a need to transmit image signals in timing 
yj also for the display data on the pixels not requiring display change. Accordingly, 

fll there is an increase in useless data transmission amount, and therefore an increase in 

1 5 power consumption. Thus, reduction of power consumption cannot be achieved. 
m SUMMARY OF THE INVENTION 

Q3 [0006] Therefore, it is an object of the present invention to obtain a display 

ff device of a space-saved design having a structure for achieving consumption-power 

reduction, and moreover taking into consideration layout efficiency particularly for the 
20 case of integrally forming the peripheral circuit over a glass substrate. 

[0007] An exemplary display device of the present invention includes a 
display drive section having a plurality of scanning lines and a plurality of data lines 
formed in a grating form corresponding to dots as minimum units of display and 
active elements provided corresponding to intersections, to perform display control 
25 using a liquid crystal by driving the scanning lines and the data lines, a scanning line 
driver section allocated corresponding to a length in a column direction of the display 
drive section, to select and drive the scanning lines, a memory cell section having 
memory cells that are in the number capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated 
30 corresponding to the length in the row direction of the display drive section, a colimm 
decoder section allocated corresponding to the length in the row direction of the 
display drive section, to select the memory cells for storing an input image signal, a 
column selection switch section allocated corresponding to the length in the row 



direction of the display drive section to switch on the basis of a selection by the 
column decoder section and the image signal and storing the image signal to the 
memory cells selected by the column decoder section, and a data line driver section 
allocated corresponding to the length in the row direction of the display drive section 
to drive the data hues on the basis of the image signal stored in the memory cell 
section, integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

[0008] In this invention, where integral formation is made using polysilicon 
TFTs including a peripheral circuit on an insulating substrate, for example, of a glass 
substrate, or a quartz substrate, memory cells of the memory cell section are allocated 
in the number capable of storing an image signal for display control of at least the dots 
on one row of the display drive section corresponding to a length in a row direction of 
the display drive section in order to achieve space saving, besides the colunrn decoder 
section, colunrn select switch section and data line driver section. 

[0009] It is noted that points allocated corresponding to a length in a column 
direction and allocated corresponding to a row direction mean that, for example, in the 
memory cell section, the length in the row direction thereof corresponds to a length in 
the row direction of the display drive section. More specifically, this means that the 
length in the row direction is equal to or smaller than the length in the row direction of 
the display drive section. Further, the meaning of equal to or smaller than is either 
that the both are equal or that the former is small as compared to the latter. In the 
invention, however, for example the length in the row direction of the memory cell 
section may be satisfactorily somewhat greater, such as by several percent, than the 
length in the row direction of the display drive section. 

[0010] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space where no circuit is provided on the substrate in an area of the display 
drive section along a row-direction-side end because the length in the row direction of 
the memory cell section is relatively longer than the length in the row direction of the 
display drive section. 
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[0011] A display device of the present invention can include: a display drive 
section having a plurality of scanning lines and a plurality of data lines formed in a 
grating form corresponding to dots as minimum units of display and active elements 
provided corresponding to intersections, to perform display control using a liquid 
5 crystal by driving the scanning lines and the data lines, a scanning line driver section 
allocated to have a length in a column direction equal to or smaller than a length in a 
column direction of the display drive section, to select and drive the scanning lines, a 
memory cell section having memory cells that are in the number capable of storing an 
image signal for performing display control of dots in at least one row of the display 

10 drive section and allocated to have a length in a row direction thereof equal to or 
smaller than the length in the row direction of the display drive section, a column 
decoder section allocated to have a length in a row direction equal to or smaller than 
the length in the row direction of the display drive section, to select the memory cells 
for storing an input image signal, a column selection switch section allocated to have a 

15 length in a row direction equal to or smaller than the length in the row direction of the 
display drive section, to switch on the basis of a selection by the column decoder 
section and the image signal and storing the image signal to the memory cells selected 
by the coliHnn decoder section, and a data line driver section allocated to have a length 
in a row direction equal to or smaller than the length in the row direction of the 

20 display drive section, to drive the data lines on the basis of the image signal stored in 
the memory cell section, integrated on a semiconductor or an insulating substrate and 
integrally formed therewith. 

[0012] In this invention, where integral formation is made using polysiUcon 
TFTs including a peripheral circuit on an insulating substrate for example, of a glass 

25 substrate, or a quartz substrate, memory cells of the memory cell section are allocated 
in the number capable of storing an image signal for display control of at least the dots 
on one row of the display drive section to have a length in the row direction thereof 
equal to or smaller than the length in the row direction of the display drive section in 
order to achieve space saving, besides the column decoder section, column selection 

30 switch section and data line driver section. 

[0013] A display device of the present invention can include a display drive 
section having a plurality of scanning lines and a plurality of data lines formed in a 
grating form corresponding to dots as minimiim units of display and active elements 



provided corresponding to intersections, to emit an organic EL element connected to 
the active elements by driving the scanning Unes and the data lines to perform display 
control, a scanning line driver section allocated corresponding to a length in a column 
direction of the display drive section, to select and drive the scanning line, a memory 
cell section having memory cells that are in the number capable of storing an image 
signal for performing display control of dots in at least one vow of the display drive 
section and allocated corresponding to the length in the row direction of the display 
drive section, a colvimn decoder section allocated corresponding to the length in the 
row direction of said display drive section, to select the memory cells for storing an 
input image signal, a column selection switch section allocated corresponding to the 
length in the row direction of the display drive section to switch on the basis of a 
selection by the column decoder section and the image signal and storing the image 
signal to the memory cells selected by the column decoder section, and a data line 
driver section allocated corresponding to the length in the row direction of the display 
drive section, to drive the data lines on the basis of the image signal stored in the 
memory cell section, integrated on a semiconductor or an insulating substrate and 
integrally form therewith. 

[0014] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed, for 
example, on polysilicon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
display drive section. 

[0015] It is noted that the points allocated corresponding to a length in a 
column direction and allocated corresponding to a row direction can mean that, for 
example, in the memory cell section, the length in the row direction thereof 
corresponds to a length in the row direction of the display drive section. More 
specifically, this can mean that the length in the row direction is equal to or smaller 
than the length in the row direction of the display drive section. The meaning of equal 
to or smaller than is either that the both are equal or that the former is small as 
compared to the latter. In the mvention, however, for example, the length in the row 
direction of the memory cell section may be satisfactorily somewhat greater, such as 
by several percent, than the length in the row direction of the display drive section. 



[0016] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occxurence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0017] A display device of the present invention can include a display drive 
section having a plurality of scaiming lines and a plurality of data lines formed in a 
grating form corresponding to dots as minimum units of display and active elements 
provided corresponding to intersections, to emit an organic EL element connected to 
the active elements by driving the scanning hnes and the data lines to perform display 
control, a scanning line driver section allocated to have a length in a column direction 
equal to or smaller than a length in a row direction of the display drive section, to 
select and drive the scaiming lines, a memory cell section having memory cells that 
are in the number capable of storing an image signal for performing display control of 
dots in at least one row of the display drive section and allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of the 
display drive section, a column decoder section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of the display drive 
section, to select the memory cells for storing an input image signal, a column 
selection switch section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to switch on 
the basis of a selection by the colimm decoder section and the image signal and 
storing the image signal to the memory cells selected by the coliHnn decoder section, 
and a data line driver section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to drive the 
data lines on the basis of the image signal stored in the memory cell section, integrated 
on a semiconductor or an insulating substrate and integrally formed therewith. 

[0018] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed, for 



example, on polysilicon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section, in order to 
achieve space saving, besides the column decoder section, column selection switch 
section and data line driver section. 

[0019] A display device of the present invention can include a display drive 
section having a plurality of scanning lines and a plurality of bit line, and a liquid 
crystal controlled in display by driving the corresponding ones of the scanning lines 
and bit lines and provided on a dot-by-dot basis as minimum units of display control, 
and formed in a matrix form, a memory cell section having memory cells that are in 
the number capable of storing an image signal for performing display control of dots 
in at least one row of the display drive section and allocated corresponding to the 
length in the row direction of the display drive section, a column decoder section 
allocated corresponding to the length in the row direction of the display drive section, 
to select the memory cells for storing an input image signal, and a column selection 
switch section allocated corresponding to the length in the row direction of the display 
drive section, to switch on the basis of a selection by the column decoder section and 
the image signal and storing the image signal to the memory cell selected by the 
column decoder section, integrated on a semiconductor or an insulating substrate and 
integrally formed therewith. 

[0020] In this invention, where the display drive circuit for display control 
using a liquid crystal including a peripheral circuit can be integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
display drive section in order to achieve space saving, besides the column decoder 
section and coliamn selection switch section. 

[0021] It is noted that the point allocated corresponding to a row direction 
means that, for example, in the memory cell section, the length in the row direction 
thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this means that the length in the row direction is equal to or smaller than 
the length in the row direction of the display drive section. The meaning of equal to 
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or smaller than is either that the both are equal or the that former is smaller compared 
to the latter. In the invention, however, for example, the length in the row direction of 
the memory cell section may be satisfactorily somewhat greater, such as by several 
percent, than the length in the row direction of the display drive section. 

[0022] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0023] A display device of the present invention can include a display drive 
section having a plurality of scanning Unes and a plurality of bit lines, and a liquid 
crystal controlled in display by driving the corresponding ones of the scanning lines 
and bit lines and provided on a dot-by-dot basis as minimum units of display control, 
and formed in a matrix form, a memory cell section having memory cells that are in 
the number capable of storing an image signal for performing display control of dots 
in at least one row of the display drive section and allocated to have a length in a row 
direction thereof equal to or smaller than the length in the row direction of the display 
drive section, and each of the memory cells being connected to each of the bit lines, a 
colvimn decoder section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to select the 
memory cells for string an input image signal, and a colvimn selection switch section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to switch on the basis of a selection by the 
column decoder section and the image signal and storing the image signal to the 
memory cells selected by the colimm decoder section, integrated on a semiconductor 
or an insulating substrate and integrally formed therewith. 

[0024] In this invention, where the display drive circuit for display control 
using a liquid crystal including a peripheral circuit is integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
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number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section in order to 
achieve space saving, besides the column decoder section and column selection switch 
5 section. 

[0025] A display device of the present invention can include a display drive 
section having a plurality of scanning lines and a plurality of bit lines, and organic EL 
elements to be controlled in luminescent display by driving the corresponding ones of 
the scanning lines and bit lines and provided on a dot-by-dot basis as minimum units 

10 of control in display, and formed in a matrix form, a memory cell section having 

memory cells that are in the number capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated 
corresponding to the length in the row direction of said display drive section, and each 
memory cell being connected to each of the bit lines, a column decoder section 

1 5 allocated corresponding to the length in the row direction of the display drive section 
to select the memory cells for storing an input image signal, and a column selection 
switch section allocated corresponding to the length in the row direction of the display 
drive section to switch on the basis of a selection by the column decoder section and 
the image signal and storing the image signal to the memory cell selected by the 

20 column decoder section, integrated on a semiconductor or an insulating substrate and 
integrally formed therewith. 

[0026] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed by 
using polysilicon TFTs, memory cells of the memory cell section are allocated in the 

25 number capable of storing an image signal for display control of at least the dots on 

one row of the display drive section corresponding to a length in a row direction of the 
display drive section in order to achieve space saving, besides the column decoder 
section and column selection switch section. 

[0027] It is noted that the point allocated corresponding to a row direction 

30 means that, for example in the memory cell section, the length in the row direction 

thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this means that the length in the row direction is equal to or smaller than 
the length in the row direction of the display drive section. The meaning of equal to 
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or smaller than is either that the both are equal or that the former is smaller compared 
to the latter. In the invention, however, for example, the length in the row direction of 
the memory cell section may satisfactorily somewhat greater, such as by several 
percent, than the length in the row direction of the display drive section. 
5 [0028] In brief, for the memory cell section for example, it is satisfactory, 

where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
1 0 broad space that no circuit is provided on the substrate in an area of the display drive 
€S section along a row^-direction-side end because the length in the row direction of the 

Qi memory cell section is largely longer than the length in the row direction of the 

1^ display drive section. 

W [0029] A display device of the present invention can include a display drive 

1 5 section having a plurality of scanning lines and a plurality of bit lines, and organic EL 
ll elements to be controlled in haminescent display by driving the corresponding ones of 

2' the scanning lines and bit lines and provided on a dot-by-dot basis as minimum iinits 

Q of control in display, and formed in a matrix form, a memory cell section having 

memory cells that are in the number capable of storing an image signal for performing 
20 display control of dots in at least one row of the display drive section and allocated to 
have a length in a row direction thereof equal to or smaller than the length in the row 
direction of the display drive section, and each of the memory cells being connected to 
each of the bit lines, a column decoder section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of the display drive 
25 section, to select the memory cells for storing an input image signal, and a column 
selection switch section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to switch on 
the basis of a selection by the column decoder section and the image signal and 
storing the image signal to the memory cells selected by the column decoder section, 
30 integrated on a semiconductor or insulating substrate and integrally formed therewith. 

[0030] In this invention, where the display drive circuit for display control 
using an organic EL element is integrally formed including a peripheral circuit, by 
using polysilicon TFTs, memory cells of the memory cell section in the number 
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capable of storing an image signal for display control of at least the dots on one row of 
the display drive section are allocated to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section in order to 
achieve space saving, besides the column decoder section^ and column selection 
switch section. 

[0031] A display device of the present invention structures redundant in the 
number of the memory cells allocated corresponding to the length in the row direction 
of the display drive section and in the number capable of storing the image signal for 
display control of the dots on one row of the display drive section. In this invention, 
even if structuring redundantly in the number of the memory cells in the number 
capable of storing the image signal for display control of the dots on one row of the 
display drive section, they are allocated on the basis of the length in the row direction 
of the display drive section (e.g. to have a length in the row direction equal to or 
smaller than the length in the row direction of the display drive section). 

[0032] In a display device of the present invention the memory cell section 
can connect the memory cells in the number capable of storing an image signal for 
display control of the one-row dots to each of the word lines in the number equal to 
the number of the scanning lines and is structured with a memory array corresponding 
to dot arrangement of the display drive section, and a word hne driver section for 
selecting and driving the word lines are further integrated on and integrally formed 
with the substrate, 

[0033] In this invention, the memory cell section can be structured by a 
memory array corresponding to the dot arrangement of the display drive section to 
store an image signal required for displaying one screen thereby providing a structure 
capable of reducing data amount externally exchanged and achieving reduction in 
power consumption. Also, in order to store due to the array structure, the substrate is 
integrated and integrally formed therewith a word line driver section to select and 
drive the word lines provided equal in the number to the scanning lines. 

[0034] A display device of the invention can include that on the basis of an 
address signal representative of a display position and a storage position, the scanning 
line driver section selects the scanning lines and the word line driver section selects 
the word lines. 
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[0035] In this invention, a scanning line and a word line can be selected 
randomly by an address signal to secure the freedom in storage or display with respect 
to the column direction. 

[0036] A display device of the invention can include that the same address 
5 signal is inputted to the scanning line driver section and the word line driver section. 
In this invention, in order to simplify the interconnections, the same lines can be 
shared by the scanning line driver section and the word Une driver section. 
Consequently, the same address signal can be inputted in the same timing. 

[0037] In a display device of the invention independent address signals can 

10 be inputted to the scanning line driver section and the word line driver section. In this 
invention, in order to enhance the freedom in storage and display operations, 
independent address signals are inputted to the scanning Une driver section and the 
word line driver section, e.g. operation timing can be made different. 

[0038] In a display device of the invention the scanning line driver section 

1 5 can operate to select and drive the scanning lines on the basis of the address signal 
only when a scanning line driver control signal is inputted, and the word line driver 
section can operate to select and drive the word lines on the basis of the address signal 
only when a word line driver control signal is inputted. In this invention, in order to 
simplify the interconnections while enhancing the freedom of storage and display 

20 operations, the scanning line driver section can perform selection and driving 

operations of a scanning lines on the basis of an address signal only when a scanning 
line driver control signal is inputted and the word line driver section perform selection 
and driving operations of a word line on the basis of the address signal only when a 
word line driver control signal is inputted. 

25 [0039] In a display device of the invention the column decoder section 

selects the memory cell to store an inputted image signal on the basis of the address 
signal. In this invention, the column decoder section can select randomly a memory 
cell to store an image signal due to the address signal and secure the freedom in 
storage and display with respect to the row direction. 

30 [0040] In a display device of the invention, one pixel can include three dots 

provided for developing and displaying red, blue and green as light source colors, the 
image signal being input on the basis of a unit of one-pixel , and the column decoder 
section selects the memory cell in an amount of one pixel. In this invention, where 
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the display device performs color displays, the three dots provided for displaying the 
colors of red, blue and green as Ught source colors are taken as one pixel to input an 
image signal on the basis of a unit of one-pixel as a display change unit The column 
decoder section selects memory cells in an amount of the one pixel on the basis of that 
input. 

[0041] In a display device of the present invention one pixel can include 
three dots provided for developing and displaying red, blue and green as light source 
colors, the image signal being input on the basis of a unit of a plurality of pixels , and 
the column decoder section selects the memory cells in an amount of the plurality of 
pixels. In this invention, where the display device performs color displays, in order to 
decrease the drive frequency, the three dots provided for displaying the colors of red, 
blue and green as light source colors are taken as one pixel to input an image signal on 
the basis of a unit of a plurality of pixels. The column decoder section selects 
memory cells in an amount of the plurality of pixels on the basis of that input. 

[0042] In a display device of the present invention, an input interconnection 
for the image signal to be stored in the memory cell and the column selection switch 
section can be formed on a side opposite to the display drive section sandwiching the 
memory cell section. In this invention, crossover of interconnections is decreased to 
improve reduction in consumption power. Also, in order to prevent noise 
superposition due to the effect of switching or the like, the image-signal input 
interconnections and the column selection switch section are formed on a side 
opposite to the display drive section sandwiching the memory cell section. 

[0043] In a display device of the invention, the memory cell section is 
allocated with the memory cell corresponding to the length in the row direction of the 
display drive section and formed in a multi-stage structure. In this invention, where 
the memory cell cannot be allocated corresponding to the length in the row direction 
of the display drive section by the increase of the memory cell in amount of one dot 
for example due to increase in the number of tonal levels, the structure and the 
formation is made by providing multi-stages. 

[0044] In a display device of the invention, the word lines are provided in 
the number of integer times the number of the scanning lines, and the memory cell 
section structured by a memory array connecting, by grouping, the memory cells in the 
number capable of storing the image signal for display control of the one-row dots of 



14 

the display drive section to the word Unes in the number of the integer times. In this 
invention, where the memory cell cannot be allocated corresponding to the length in 
the row direction of the display drive section, for example, by memory-cell increase 
for one dot due to the increase of tonal levels, the structure and the formation is made 
by providing a plurality of rows. 

[0045] In a display device of the invention, the memory cell section is 
structured by a memory array having the memory cells that are in the number capable 
of storing the image signal for display control of a plurality of rows of the dots of the 
display drive section and allocated corresponding to the length in the row direction of 
the display drive section. In this invention, where a plurality of rows of memory cells 
are allocated corresponding to the length in the row direction of the display drive 
section, in order to save space, the memory cells in the number capable of storing an 
image signal for display control of a plurality of rows of dots of the display drive 
section are structured by a memory array assigned corresponding to the length in the 
row direction of the display drive section. 

[0046] In a display device of the invention, the memory cell section is 
structured by a memory array having the memory cells that are in the number capable 
of storing the image signal for display control of a plurality of rows of the dots of the 
display drive section and allocated to have a length in the row direction equal to or 
smaller than the length in the row direction of the display drive section. In this 
invention, where a plurality of rows of memory cells are allocated corresponding to 
the length in the row direction of the display drive section, in order to save space, the 
memory cells in the number capable of storing an image signal for display control of a 
plurality of rows of dots of the display drive section are structured by a memory array 
assigned to have a length in the row direction thereof equal to or smaller than the 
length in the row direction of the display drive section. 

[0047] In a display device of the invention, can further include a timing 
controller section for controlling timing of transmitting the address signal, and a 
memory controller section for controlling to transmit the image signal, integrated on a 
semiconductor or an insulating substrate and integrally formed therewith. In this 
invention, the peripheral circuits required for controlling display are all integrally 
formed systematically on the same substrate. 
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[0048] In a display device of the invention, a D/A converter can be provided 
between the display drive section and the memory cell section, thereby converting the 
image signal comprising a digital signal stored in the memory cell into an analog 
signal, followed by supplying to the display drive section. In this invention, in order 
to display in an analog-compatible display drive section, a D/A converter is provided 
between the display drive section and the memory cell section. In the D/A converter, 
the image signal after converting into an analog signal is supplied to the display drive 
section. 

[0049] In a display device of the invention, the display drive section and the 
memory cell section can be directly coupled to supply the image signal comprising a 
digital signal stored in the memory cell section to the display drive section. In this 
invention, display is made in the display drive section compatible with digital signals. 
No D/A converter or the like is provided between the display drive section and the 
memory cell section. The image signal remained in the digital signal is supplied to 
the display drive section. 

[0050] In a display device of the mvention, the display drive section 
performs digital drive through area tonal level, time-division tonal level or a 
combination thereof In this invention, the display drive section compatible with 
digital signals makes display through area tonal level, time-division tonal level or a 
combination of the both. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] The invention is described in detail with regard to the following 
figures, wherein like numerals reference like elements, and wherein: 

Fig. 1 is an exemplary block diagram representing a concept of a system 
including a display device according to a first embodiment of the present invention; 

Fig. 2 is a diagram representing in detail a panel 1; 

Fig. 3 is a diagram representing in detail a panel 1 A according to a second 
embodiment of the invention; 

Fig. 4 is a diagram representing in detail a panel IB according to a third 
embodiment of the invention; 

Fig. 5 is a diagram representing in detail a panel IC according to a fourth 
embodiment of the invention; 
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Fig. 6 is a diagram representing in detail a panel ID according to a fifth 
embodiment of the invention; 

Fig. 7 is a diagram representing in detail a panel IE according to a sixth 
embodiment of the invention; 

Fig. 8 is a diagram showing a circuit arrangement of an active-matrix OEL 
section 8; 

Fig. 9 is a diagram representing in detail a panel IF according to a seventh 
embodiment of the invention; 

Fig. 10 is a diagram shov^ing a circuit arrangement of an active-matrix LCD 
section 2A; and 

Fig. 1 1 is a block diagram of a system for display through a display device by a 
TFT display. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0052] Fig. 1 is an exemplary block diagram showing a concept of a system 
including a display device according to the present invention. Fig. 1 represents a 
concept called system-on-panel (SOP). SOP is the concept to form a peripheral 
circuit for display or the like over a glass substrate, and moreover to integrally form 
TFTs or the like together with the peripheral circuit by the use of poly-silicon or the 
like vvdthout using chips of ICs or the like. Due to this, the panel can be directly 
coupled to the CPU while achieving low cost, high reliability and space saving. 

[0053] In Fig. 1 , an image signal source 1 10 is configured by a CPU 1 1 OA to 
transmit display data. Herein, the display data is transmitted with image signals as 
digital data, similarly to the conventional configuration shown in Fig. 11. If the image 
signal is digital data, D/A conversion is not required on the side of a panel 1, 
correspondingly achieving the reduction in size and power consumption. Meanwhile, 
the panel 1 can be configured with an active-matrix LCD section 2, a scanning line 
driver 3, a digital data driver 4, a frame memory section 5, a memory controller 6 and 
a timing controller 7. The active-matrix LCD section 2 corresponds to a display drive 
section in the present invention. 

[0054] Fig. 2 is a figure representative in detail of the panel 1. The active- 
matrix LCD section 2 is a part for actual display by use of active elements of TFTs, 
diodes or the like. The active-matrix LCD section 2 is arrayed with pixels in the 
number of i x j. Because the present embodiment assumes a color display, three dots 
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(known also as sub-pixels) of R (Red), G(green) and B(Blue) as light-source colors 
are constituted as one pixel. For a monochromatic display, the pixel equals to the dot. 
The dot areas include data lines, scanning lines and active elements (e.g. switching 
elements by transistors, diodes or the like) arranged corresponding to the intersections 
5 of them. The active elements respectively have pixel electrodes to form a capacitance 
through a liquid crystal to a counter electrode. The voltage applied between the pixel 
electrode and the counter electrode controls the optical rotatory power due to Uquid- 
crystal molecules, making display control on each dot. Moreover, even if the active 
element turns off the switch, the pixel electrode can sustain its displaying state owing 
10 to the storage charge before refreshing (display data rewriting) in the next time. The 
switch operation to the active elements and control of the charge supply to the pixel 
electrodes are implemented by driving a data line and scanning line (supplying 
current). 

[0055] It is a scanning line driver 3 that controls to drive a scanning line. 

1 5 The scanning line driver 3 is formed by a row decoder 3 1 and a scanning line drive 
buffer 32. The row decoder 3 1 selects a scanning line to be driven on the basis of 
address data inputted. The scanning Une drive buffer 32 actually drives the scanning 
line selected by a column decoder 31. 

[0056] Meanwhile, it is a digital data driver 4 that controls to drive a data 

20 line. The digital data driver 4 is formed by a k-bit DAC section 41 as a D/A 

converter. Herein, a frame memory section 5 will be explained before explaining the 
operation of the k-bit DAC section 41 . 

[0057] The frame memory section 5 is configxired by a column decoder 5 1 , 
an input control circuit 52, a column selection swdtch section 53, a memory row 

25 decoder 54, a word driver 55, a memory cell section 56 and a sense amplifier section 
57. The column decoder 51 selects one pixel out of one row (line) of pixels (in the 
number of j) on the basis of input address data. This ultimately results in selection of 
a to-be-driven data line. The input control circuit 52 is a circuit to control an image 
signal (k x 3) in one-pixel amount transmitted in parallel from the memory controller 

30 6. The column selection switch section 53 is provided in the number of pixels on one 
line (i.e. k x 3 x j) with reference to one-pixel image signal (k x 3) as a unit. Each 
column selection switch performs switching on the basis of column decoder 51 
selection and image signal, driving a bit line. Herein, the input control circuit 52 and 
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column selection switch section 53 is arranged on a side opposite to the active-matrix 
LCD section 2 while sandwiching the memory cell section 56. This reduces 
interconnection crossing over, thus achieving simplification and consumption-power 
reduction. Moreover, by the operation of the input control circuit 52 and column 
5 selection switch section 53, no noise will be interposed over the analog-driven LCD 2. 
Thus, noise reduction in display can be achieved. 

[0058] The memory row decoder 54 selects a word line on the basis of input 
address data, in order to store to a desired memory cell of the memory cell section 56 
forming the memory array, as described later. The word driver 55 actually drives a 

10 word line selected by the memory row decoder 54. Consequently, the image signal is 
stored as the pixel display data to the memory cells in the number of k x 3 that are 
connected to the word line selected by the memory row decoder 54 and corresponding 
to the pixels selected by the column decoder 5 1 . 

[0059] Meanwhile, the memory cell section 56 has memory cells in the 

1 5 number of k x 3 x i x j to constitute a memory array of i-lines x k x 3 x j-columns. 

This niomber of memory cells is the number required for each dot of R, G or B of the 
display having a screen of i x j pixels to make display with brightness in a tonal level 
of 2k. In Fig. 2, k = 3 is given to enable setting with eight tonal-levels of brightness. 
This number of memory cells is the number of memory cells required, at least, to store 

20 an image signal in amount of one screen. For example, in some circuits, a circuit 
configuration is given with redundant memory cells for the necessity of securing 
operation stability. 

[0060] Herein, space saving can be achieved to a greater extent as the size of 
the glass substrate become equal to the size of the active-matrix LCD section 2 as an 

25 actual display part. In other words, if the memory cells are arranged such that the 
length of the memory cell section 56 in the row direction is equal to or smaller than 
the length of the active-matrix LCD section 2 in the row direction, the memory cells 
in one column can be arranged most efficiently with a saved space width. 
Consequently, because the length of memory-cell arrangement in the row direction 

30 required to control 1-dot display is equal to or smaller than a pitch of dots, the length 
of the entire frame memory section 5 in the row direction is given equal to or smaller 
than the length of the active-matrix LCD section 2 in the row direction. Accordingly, 
design is made in Fig. 2 such that the length in the row direction of k-bit memory cell 
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arrangement equals to each pitch of dots. Each sense amplifier (or selection switch) 
of the sense amplifier section 57 and each k-bit DAC of the k-bit DAC section 41 are 
also designed based upon each pitch of dots. 

[0061] Also, the number of rows of the memory array is made equal to the 
number of scanning lines {i} so that the memory frame section 5 can store display data 
in amount of 1 screen. Consequently, it is possible to carry out storage with 
correspondence between a display-positioned pixel and a memory cell provided on a 
dot-by-dot basis. In order to achieve only space saving, it is satisfactory to have at 
least one row of memory cells without the especial necessity of constituting a memory 
array having the nimiber of rows equal to the number of scanning lines. However, in 
order to reduce the data transmission amount over the system overall and lower 
consumption, memory cells are required in amount enough to store display data in 
amount of 1 screen with correspondence. Accordingly, an image signal in amount of 
display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 lOA. If no rewriting is made, the digital data driver 4 satisfactorily deals with the 
image-signal data stored in the memory cell section 56 as it is. 

[0062] Each sense amplifier constituting the sense amplifier section 57 is 
connected on column (bit line)-by-column basis. Herein, the use of the sense 
ampUfier is for the case each memory cell of the memory cell section 56 is configured 
by a dynamic memory. In the case of configuration with a static memory, selection 
switches are used in configuration instead of sense amplifiers. 

[0063] The k-bit DAC section 41 constituting the digital data driver 4 is 
configured by k-bit DACs in the number of 3 x j. Each k-bit DAC is inputted with 
digital data based on the image signal stored on certain memory cells in the number of 
k through the bit lines in the number of k. The k-bit DAC converts the data-based 
value into a tonal level, depending upon which tonal level a data line is driven. In the 
LCD, alternating-current drive is required for the purpose of extending the life of 
liquid crystal. Accordingly, digital data cannot be used as it is but must be converted 
to analog. In this manner, display control is made, on the basis of display data, on the 
dot at an intersection of a driven scanning hne and a data line. 

[0064] Herein, the digital data driver 4 and the frame memory section 5 of 
the invention are directly coupled (integrated) to drive-operate the data line by the 
direct use of stored digital data. Accordingly, for convenience (in relation to Fig. 1), 
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the digital data driver 4 is configured by the k-bit DAC section 41, and the frame 
memory section 5 is configured by the column decoder 51, the input control circuit 52, 
the colunrn selection switch section 53, the memory row decoder 54, the word driver 
55, the memory cell section 56 and the sense amplifier section 57. However, it is to 
5 be understood that such distinction cannot be exactly made if considering the 

operational relationship between the digital data driver and the frame memory in the 
conventional use, 

[0065] The memory controller 6 controls as k x 3 image signals in order to 
store the display data transmitted from the CPU 1 lOA into the JSrame memory section 

10 5. Also, the timing controller 7 has at least an address buffer 71 and transmit an 

address signal to the row decoder 31, column decoder 51 and memory row decoder 54 
in order to store or display the display data transmitted fi-om the CPU 1 lOA. 

[0066] In the case of configuring the memory by chips or the like, it is 
problematic in what way fine provision can be made within the chip and layout be 

1 5 given by taking interconnection into consideration. Where the peripheral circuit such 
as the memory on a glass substrate, conception differs from that. It is the active- 
matrix LCD section 2 as an actual display part that occupies over the greatest area on 
the glass substrate. Moreover, the pitch of pixels (ultimately the entire size) is fixed. 
Consequently, it is the problem that the system, such as peripheral circxiits, is laid out 

20 with efficiency in accordance with the size. Although the memory cells can be 

lessened if considering space saving without considering consumption power, the 
reduction of consumption power requires memory cells for storing data in amount of 
one screen. Therefore, the present embodiment aims at presenting the most efficient 
layout on the basis of establishing a peripheral circuit in order for reducing 

25 consumption power. 

[0067] Next, explanation will be made on the operation of the display as 
shown in Fig. 2. The CPU 1 lOA transmits display data in order to provide change in 
display. Consequently, where the image does not change, no display data is 
transmitted. When changing the display, an address signal is transmitted 

30 representative of a point (pixel) to be changed in display. Also, a display-data image 
signal is transmitted. Herein, the firame memory section 5 is provided with word lines 
corresponding in number to scanning lines, in order to enable it to store display data 
(image signal) in amount of one screen corresponding to the respective dots. 
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Moreover, the row decoder 3 1 and the memory row decoder 54 are provided to enable 
selection of a scanning line and word line. Accordingly, a scanning line can be 
selected and driven randomly according to an address signal without requiring 
sequential scanning, which is convenient for rewriting display data as required. Also, 
in order to achieve space saving by simplifying the interconnections and reducing the 
circuit area, the same address signal is inputted to the row decoder 31 and the memory 
row decoder 54, respectively causing the corresponding sections to store and display 
in the same timing. As for the column decoder 51, random pixel selection can be 
made according to an address signal, random writing can be made without the 
necessity of sequential writing to the pixels (dots) on the same scanning hne. 

[0068] In the case of not providing change in display, the digital data of the 
image signal stored in the frame memory section 5 is used as it is for making display, 
wherein no data transmission and reception is made to and from the CPU 1 lOA. 
However, because the LCD requires alternating-current drive, there is a need of drive 
using pixel-inversion drive while refreshing at least at a required minimum frequency. 
This control is made with the scanning line driver 3 and the digital data driver 4. If 
the frequency is lowered, consumption-power reduction can be made, however some 
flicker may occur due to punch-through voltage or the like. Therefore, in order to 
make the flicker unnoticeable while reducing power consumption, the state of display 
is maintained with refreshing at a frequency, for example, of 30 Hz for still images 
(liquid crystal driven at 15 Hz). 

[0069] As concerned with the frame memory section 5, if the memory cells 
are constituted by static memories, there is no need to rewrite data (refresh). 
However, if constituted by dynamic memories, there is a necessity of refreshing in 
such timing as can hold the storage. 

[0070] As above, according to the first embodiment, where a system 
including not only a display part but also peripheral circuit on a substrate, as in SOP, 
is integrally formed on a substrate, in the memory cell section 56 of the frame memory 
section 5, memory cells are formed to be arranged such that the length in the row 
direction of arrangement of memory cells with an amoimt required for controlling 
one-dot display is equal to or smaller than a pitch of dots, i.e., the length in the row 
direction of the memory cell section 56 is equal to or smaller than the length in the 
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row direction of the active-matrix LCD section 2. Accordingly, it is possible to 
arrange memory cells in amount of one row with saved space width. 

[0071] Also, this is similarly made for the sense amplifier section 57 and k- 
bit DAC section 41, achieving space saving. 
5 [0072] Also, the number of rows of the memory array is given the same as 

the number of scanning lines (i) to enable the frame memory section 5 to store display 
data (image signal) in amount of one screen. Accordingly, it is possible to store data 
in amount of one screen with correspondence between the pixel in each position and 
the memory cell of the memory cell section 56. The image signal only in amount of 
1 0 display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 lOA. Accordingly, the data transmission amount over the entire system can be 
decreased, and space-saved forming can be made with the maximum efficiency while 
achieving the reduction of power consumption. 

[0073] Also, because the row decoder 3 1 and the memory row decoder 54 
1 5 are provided to enable selection of a scanning line and word line to be driven on the 
basis of an address signal, a scanning line can be selected and driven randomly 
according to an address signal without the necessity of sequential scanning. This is 
convenient for rewriting display data as required. 

[0074] Also, because the same address signal is inputted to the row decoder 
20 31 and the memory row decoder 54 to cause the respective corresponding points to 
perform storage and display in the same timing, space saving can be made due to 
simplification of interconnections and reduction of circuit area. 

[0075] Also, because the row decoder 5 1 can randomly select a pixel 
according to an address signal, random writing can be made without the necessity of 
25 sequential writing to the pixels (dots) on the same scanning line. This is convenient 
for rewriting display data as required. 

[0076] Also, because the input control circuit 52 and the column selection 
switch section 53 are arranged on a side opposite to the active-matrix LCD section 2 
sandwiching the memory cell section 56, crossover of interconnections is decreased 
30 thus achieving simplicity and consumption-power reduction. Moreover, there occurs 
no noise superposition over the analog-driven LCD 2 due to operation of the input 
control circuit 52 and column selection switch section 53, thus reducing noise in 
display. 
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[0077] Furthermore, because the memory controller 6 and the timing 
controller 7 are integrally formed on the panel 1, the panel 1 can be directly coupled to 
the CPU 1 lOA, thus providing cost reduction, reliability and space saving for the 
system entirety. 

5 [0078] Fig. 3 is a figure showing in detail an exemplary panel 1 A according 

to a second embodiment of the invention. The panel 1 A of Fig. 3 differs from the 
panel 1 of Fig. 2 in that address signals are independently inputted to the rov^ decoder 
3 1 and the memory row decoder 54. Due to this, it is possible to make the timing of 
storage different from the timing of display operations. The drive frequency is higher 
P=l 10 than that of storage and display operations in simultaneous timing. Hov^ever, various 
1^ forms of driving is feasible, e.g., address data is transmitted to the memory row 

yi decoder 54 in certain timing to make storage operation, and then address data is 

transmitted to the row decoder 3 1 in the next timing to make display. 

[0079] As above, according to the second embodiment, because address 
p 15 signals are independently inputted respectively to the row decoder 3 1 and the memory 

m row decoder 54, it is possible to enhance the freedom for selecting a drive method. 

[0080] Fig. 4 is a figure showing in detail an exemplary panel IB according 
C| to a third embodiment of the invention. The panel IB of Fig. 4 differs from the panel 

1 of Fig. 2 in that a scanning line-select-control signal line and a word line-select- 
20 control signal line are respectively laid from the address buffer 71 to the row decoder 
3 1 A and the memory row decoder 54 A, to transmit a scanning line-select-control 
signal and a word-line-select-control signal. The same address signal is inputted to 
the row decoder 3 1 A and the memory row decoder 54A. However, the row decoder 
3 1 A is allowed to select a scanning line only during the period that a scanning line- 
25 select-control signal is on. Also, the memory row decoder 54A similarly is allowed to 
select a word line only during the period that a word-line-select-control signal is on. 
Consequently, storage and display operations can be made in different timing 
depending upon control of on-off of these signals. 

[0081] As above, according to the third embodiment, the scanning line- 
30 select period of the row decoder 3 1 A is limited on the basis of the scanning line- 
select-control signal and the word-line-select period of the memory row decoder 54A 
is limited on the basis of the word-line-select-control signal. Therefore, it is possible 
to enhance the freedom for selecting a drive method for storage and display 
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operations. Accordingly, various ones of drive control are feasible depending on the 
method. 

[0082] Fig. 5 is a figure representing in detail a panel IC according to a 
fourth embodiment of the invention. The panel IC of Fig. 5 differs from the panel IB 
5 of Fig. 4 in that a column selection switch section 53 A, a sense amplifier section 57A 
and memory cell section 56A are laid out taking into account a case such as k = 6. 
Also, the column decoder 51 A and the input control circuit 52A, respectively, deal 
with signals in two times due to k = 6, as compared to the colxmm decoder 51 and the 
input control circuit 52 (besides this, different from the panel 1 of Fig. 2 in that there 

10 are a scanning line-select-control signal line and a word-line-select-control signal 

line). As described before, if the memory cells are arranged such that the length in the 
row direction of the memory cell section 56 is equal to or smaller than the length in 
the row direction of the active-matrix LCD section 2, then the memory cells in one 
column can be arranged most efficiently with a saved space width. Accordingly, it is 

1 5 ideal to arrange the memory cells in amoxmt of k bits in the row direction to have a 
length equal to or smaller than the pitch of dots. 

[0083] However, if increasing the tonal level, the value of k increases (64 
tonal levels at k = 6, display possible in about 260 thousand colors). That is, there is 
an increase in the number of memory cells to store 1-dot data. Due to this, it is to be 

20 considered that the arrangement of memory cells in amount of k bits as they are will 
exceeds the pitch of dots. Accordingly, the present embodiment has a memory array 
in a multi-stage configuration in the memory cell section 56A, wherein the memory 
cells are laid out and integrally formed to have such an arrangement that the length in 
the row direction of the memory cell section 56A is equal to or smaller than the length 

25 in the row direction of the active-matrix LCD section 2. 

[0084] Meanwhile, it is to be understood as another way of thinking that the 
niimber of memory-array rows is provided integer times the number of scanning lines 
to constitute a 1-dot memory cells in a plurality of rows. In this case, the k-bit DAC 
section 41 time-division-processes digital data to drive the data line. 

30 [0085] As above, according to the fourth embodiment, where the length of 

arrangement of k-bit memory cells in the row direction cannot be given equal to or 
smaller than the pitch of dots, the memory array is made in a multi-stage configuration 
to have layout and integral formation such that the length in the row direction of the 
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memory cell section 56A equal to or is smaller than the length in the row direction of 
the active-matrix LCD section 2. Accordingly, it is possible to facilitate 
interconnections between the memory cell section 56A and the k-bit DAC section 41. 
Thus, space saving can be achieved. 
5 [0086] Fig. 6 is a figure representing in detail a panel ID according to a fifth 

embodiment of the invention. The panel ID of Fig. 6 differs from the panel IB of 
Fig. 4 in arrangement of memory cells in the memory cell section 56B, and in that the 
image signals for two pixels are simultaneously inputted so that the column decoder 
5 IB can select two pixels simultaneously. Furthermore, the input control circuit 52A 

ri 10 and the column selection switch section 53 A respectively deal with signals in two 
times as compared to the input control circuit 52 and the column selection sv^tch 

f 2 section 53 A. 

y [0087] The fourth embodiment explained on the case that the length of 

ffl arrangement of memory cells in amount of k bits is longer than the pitch of pixels. 

1 5 Conversely, the length of arrangement of memory cells in amount of plurality of 
yl pixels (dots) is equal to or smaller than the pitch of one pixel (dot), it is possible to 

m further save the space by laying out and integrally forming the memory cells in 

amount of a plurality of pixels (dots) arranged corresponding to the one-pixel (dot) 
pitch. However, in this case, the same number of word lines as the scanning lines are 
20 provided to provide memory cells corresponding to the dots without sharing the word 
lines. It is noted that in this case the sense amplifier section 57 can be shared. 

[0088] Also, in the first to fourth embodiments the row decoder 5 1 was 
configured to select one pixel, as in Fig. 2 to Fig. 5. However, it is to be understood 
that the present invention is not limited to this, but may be made to select integer- 
25 times simultaneously. In this case, the image signal is inputted in proportion to the 
multiple. 

[0089] As above, according to the fifth embodiment, where the length of 
arrangement with memory cells in amount of plurality of pixels (dots) is equal to or 
smaller than the length of one-pixel (dot) pitch, the memory cells in amount of 
30 plurality of pixels (dots) are laid out and integrally formed by arrangement 

corresponding to the one-pixel pitch. Accordingly, space saving can be further 
achieved. Moreover, the sense amplifier section 57 can be shared. Also, because the 
column decoder 511 can select two pixels simultaneously, the drive frequency can be 
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lowered and power-consumption reduction be achieved despite interconnection is 
complicate. Also, sufficient operation is obtained even if driven by the active 
elements inferior in characteristic to the single-crystal FETs. 

[0090] Fig. 7 is a figure representing in detail a panel IE according to a sixth 
embodiment of the invention. The panel IE of Fig. 7 differs from the panel 1 of Fig. 2 
in that the section for actual display is made as a digital-compatible active-matrix 
OEL section 8 as a display drive section and in that the k-bit DAC section 41 is not 
used. 

[0091] OEL (organic Electro Luminescent) means an organic EL element. 
This OEL element is a spontaneous luminescent device different firom liquid crystal. 
Consequently, the device has the following features: 

(1) wide view angle; 

(2) reduction of weight and thickness feasible; 

(3) high contrast ratio; 

(4) low power consumption (back light not required); 

(5) multi-color feasible due to molecular design; and 

(6) high-definition display feasible owing to current drive. 

[0092] Fig. 8 is a figure showing an exemplary circuit arrangement of an 
active-matrix OEL section 8. Fig. 8 shows an arrangement with two pixels. As 
described before, LCD requires alternating-current drive for the purpose of extending 
the life of liquid crystal. Consequently, analog conversion is generally implemented 
without using digital data as it is. Where making OEL luminous, usually digital data 
is analog-converted, e.g. two transistor scheme is used to hold the converted analog 
signal (data) on a capacitance or the like. The output current of the transistor is 
controlled with the converted analog data to control the luminescence of OEL. It is 
noted that OEL is driven on direct current (DC drive). On the other hand, as shown in 
Fig. 8, it is possible to deal with digital data such as an image signal, as it is, stored on 
each memory. 

[0093] Next, explanation will be made on a method for displaying display 
data stored on the frame memory by exemplifying the dot of Rl (R of a pixel on the 
first column). Rl is provided with seven OEL elements to display eight tone levels. 
The seven OEL elements are grouped with one OEL element, two OEL elements and 
four OEL elements respectively, connected to RIS, RIT and RIU corresponding to 
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each bit line. The difference in tonal level is expressed by luminescent area. 
Accordingly, at tonal level 0, RIS, RIT and RIU are not driven not to emit any of the 
elements. At tonal level 1, RIS is driven to make one OEL element luminous. 
Similarly, at tonal level 2, RIT is driven to make two OEL elements luminous, and at 
5 tonal level 3, RIS and RIT are driven to make three OEL elements luminous. Tonal 
level is represented by the combination of them. This is also true for the dots of G and 
B. 

[0094] Herein, OEL may be DC driven, and refresh due to inversion drive is 
usually vinnecessary where change in displaying is not required. It is noted that a 
10 dynamic circuit is used in Fig. 8. Accordingly, even if there is no change in 

displaying, there is need to maintain displaying by refreshing at a constant time 
interval on the basis of the data stored in each memory cell in the frame memory 
section 5. 

[0095] Although Fig. 7 described as corresponding to Fig. 2 as the first 

15 embodiment, it is to be understood that the active-matrix OEL section 8 is applicable 
to the display devices employing the respective panels of the second to fifth 
embodiments without departing from the spirit and scope of the present invention. 

[0096] Also, although the sixth embodiment shows the example to 
implement digital drive due to so-called area tonal level, it may be, for example, in an 

20 arrangement to make digital drive by time-division drive or an arrangement to make 
digital drive by the combination of area tonal level and time-division drive. In order 
to provide time-division drive, on-off signals may be applied, in synchronism with a 
timing signal repeated with a constant period, to the OEL elements in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel. 

25 [0097] As above, according to the sixth embodiment, because OEL element 

as spontaneous luminescent device is used for display, it is possible not only to obtain 
the effects of the first to fifth embodiments but also to reduce power consumption and 
weight due to unnecessity of back light. Moreover, because tonal representation is 
feasible by using the digital data to be stored in the frame memory section 5 , as it is, 

30 without analog conversion, there is no need to use such a circuit as DAC. The 
peripheral circuit can be saved in space and reduced in power consumption. 
Embodiment 7 
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[0098] Fig. 9 shows in detail a panel IF according to a seventh embodiment 
of the invention. The panel IF of Fig. 9 differs jfrom the panel IE of Fig. 7 in that the 
section for actual display is made as an active-matrix LCD section 2A as a display 
drive section. 

5 [0099] Incidentally, the panel IF of Fig. 9 differs from the panel 1 of Fig. 2 

in that the section for actual display is made as a digital-compatible active-matrix 
LCD section 2 A and in that the k-bit DAC section 41 is not employed. 

[0100] Fig. 10 is a figure showing an exemplary circuit arrangement of the 
active-matrix LCD section 2A, Fig. 10 shows an arrangement with two pixels. As 
10 described before, because LCD requires altemate-current drive for the purpose of 
€i extending the life of liquid crystal, analog conversion is generally made v^ithout using 

fji digital data as it is. The configuration of Fig. 10 is made to deal with digital data such 

as the image signal stored on each memory cell, as it is, as hereinafter described. 
W [0101] Next, an exemplary method for displaying the display data stored in 

I 1 5 the frame memory will be explained by exemplifying the dot of Rl (R on the first 

ti column pixel). Rl has three liquid crystal regions respectively covered with 

independent pixel electrodes in order to represent eight tonal levels. The three liquid 
O crystal regions are in area ratio of 1 :2:4 and connected to Rl S, RIT and RIU 

' " corresponding to each bit line. Meanwhile, the region of the active-matrix LCD 

20 section 2A, other than the liquid crystal regions, i.e. the entire region excepting the 

pixel electrodes, are shaded. Accordingly, the difference of tonal level is represented 
as an area of the liquid crystal region in a transmissive state. Hence, at tonal level 0, 
Rl S, Rl T and RIU are not driven to make every liquid crystal region in a shade state. 
At tonal level 1, RIS is driven to make the liquid crystal region of the area ratio 1 in a 
25 transmissive state. Similarly, at tonal level 2, RIT is driven to make the liquid crystal 
region of the area ratio 2 in a transmissive state, and at tonal level 3, RIS and RIT are 
driven to make the liquid crystal regions of the area ratio 1 and area ratio 2 in a 
transmissive state. Tonal level is represented by this combination. This is also true 
for the dots of G and B. 
30 [0102] In this embodiment, a rectangular wave is supplied to the common 

feed line VLC to apply voltage to each liquid crystal region. The voltage of the 
rectangular wave to be supplied to the common feed line VLC is a voltage that 
positive and negative potentials can completely raise the liquid crystal. Also, the 
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frequency of the rectangular wave is the same as the frequency of an alternating- 
current drive in the usual liquid crystal display device. This realizes a digital- 
compatible active-matrix LCD section 2A, 

[0103] Incidentally, because Fig. 10 of the present embodiment uses a 
dynamic circuit similarly to Fig. 8 of the sixth embodiment, there is a need to sustain 
displaying by refreshing at a constant time interval on the basis of the data stored on 
each memory cell of the frame memory section 5. 

[0104] Although Fig. 9 describes corresponding to Fig. 2 as the first 
embodiment, it is to be imderstood that the digital-compatible active-matrix LCD 
section 2A is applicable to the display devices employing the respective panels of the 
second to fifth embodiments without departing from the spirit and scope. 

[0105] Although the seventh embodiment explained the arrangements or the 
like on the assumption of the transmissive type LCD, the similar idea is applicable 
even in a reflective type LCD. In a reflective type LCD, because the devices can be 
arranged at an underside of the pixel electrodes, more complicated circuit will be 
feasible and advantageous for achieving multi-bit. 

[0106] Also, although the seventh embodiment shows the example to 
implement digital drive due to so-called area tonal level, it may be, for example, in an 
arrangement to make digital drive by time-division drive or an arrangement to make 
digital drive by the combination of area tonal level and time-division drive. In order 
to provide time-division drive, on-off signals may be applied, in synchronism with a 
timing signal repeated with a constant period, to the liquid crystal in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel. 

[0107] As above, according to the seventh embodiment, because the digital 
data to be stored in the frame memory section 5 can be used as it is without analog 
conversion to provide tonal representation, there is no need to use such a circuit as 
DAC. The peripheral circuit can be saved in space and reduced in power 
consumption. 

[0108] Incidentally, although the above embodiments explained on the 
assumption of the color display, it is to be understood the present invention can also 
cope with a monochromatic display. 

[0109] As above, according to the embodiments of the invention where 
integral formation is made using TFTs including a peripheral circuit, for example on 
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polysilicon, memory cells of the memory cell section in the number capable of storing 
an image signal for display control of at least the dots on one row of the display drive 
section were allocated corresponding to a length in the row direction of the display 
drive section, besides the column decoder section, colimm selection switch section 
5 and data line driver section (e.g. the column decoder section, column selection switch 
section, data line driver and memory cell section allocated to have a row length 
smaller than the length in the row direction of the display drive section). Accordingly, 
the memory cells in one row can be efficiently arranged in a space-saved width. 

[0110] Also, according to the embodiments of the invention where a display 

10 drive circuit for display control using, for example, an organic EL element is 

integrally formed including a peripheral circuit on polysilicon, memory cells in the 
number capable of storing an image signal for performing display control of dots in at 
least one row of the display drive section are allocated corresponding to the length in 
the row direction of the display drive section, besides the column decoder section, 

15 column selection switch section and data line driver section (e.g. the column decoder 
section, column selection switch section, data line driver section and memory cell 
section are allocated to have a length in the row direction thereof equal to or smaller 
than the length in the row direction of the display drive section). Accordingly, the 
memory cells in one row can be efficiently arranged in a space-saved width. 

20 [0111] Also, according to the embodiments of the inventions where a 

display drive circuit for display control using a liquid crystal is integrally formed 
including a peripheral circuit, for example, on polysilicon, the memory cells in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section are allocated corresponding the length in the row 

25 direction of the display drive section, beside the column decoder section and column 
section switch section (e.g. the column decoder section, colvimn selection switch 
section and memory cell section are allocated to have a length in the row direction 
thereof equal to or smaller than the length in the row direction of the display drive 
section). Accordingly, the memory cells in one row can be efficiently arranged in a 

30 space-saved width. Also, because the organic EL elements are DC-driven, an image 
signal of a digital signal can be directly used, eliminating the necessity of providing 
such a circuit as DAC, for example. 
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[0112] Also, according to the embodiments of the inventions where a 
display drive circuit for display control using an organic EL element is integrally 
formed including a peripheral circuit for example on polysilicon, the memory cells of 
the memory cell section in the number capable of storing an image signal for display 
5 control of at least the dots on one row of the display drive section are allocated 

corresponding to the length in the row direction of the display drive section, besides 
the column decoder section and column selection switch section (e.g. the column 
decoder section, column selection switch section and memory cell section are 
allocated to have a length in the row direction thereof equal to or smaller than the 

1 0 length in the row direction of the display drive section). Accordingly, the memory 

cells in one row can be efficiently arranged in a space-saved width. Also, the organic 
EL element is DC-driven, an image signal of a digital signal can be directly used, thus 
eliminating the necessity of using such a circuit as DAC, for example. 

[0113] Also, according to the embodiments of the invention even if 

1 5 structuring redundantly in the number of the memory cells in the number capable of 
storing the image signal for display control of the dots on one row of the display drive 
section, they are allocated on the basis of the length in the row direction of the display 
section (e.g. to have a length in the row direction equal to or smaller than the length in 
the row direction of the display drive section). Accordingly, the space-saved width 

20 can be achieved with efficiency. 

[0114] Also, according to the embodiments of the invention a word line 
driver section for selecting and driving the word lines provided in the nimiber equal to 
the scanning lines is further integrated on and formed integrally with the substrate, and 
the memory cell section is structured by a memory array corresponding to the dot 

25 arrangement of the display drive section, to store an image signal required for display 
over one screen. Accordingly, external exchange of data amoimt is decreased, 
achieving reduction in power consumption. 

[0115] Also, according to the embodiments of the invention the scanning 
line driver section and word line driver section is made to select a scanning line and 

30 word line to be driven on the basis of an address signal. Accordingly, no sequential 

scanning is required, and random selection and drive of the scanning line can be made 
in accordance with the address signal. This is convenient in rewriting display data as 
required. 



32 

[0116] Also, according to the embodiments of the invention because the 
same lines are shared in the scanning line driver section and the v^ord line driver 
section, it is possible to achieve space saving due to simplification of interconnections 
and reduction in circuit area. 
5 [0117] Also, according to the embodiments of the invention because 

independent address signals are inputted to the scanning hne driver section and the 
word line driver section, it is possible to enhance the freedom in storage and display 
operations. 

[0118] Also, according to the embodiments of the invention scanning line 
10 driver section operates to select and drive the scanning line on the basis of the address 
signal only when a scanning line driver control signal is inputted and the word line 
driver section operates to select and drive the word line on the basis of the address 
signal only when a word line driver control signal is inputted. Accordingly, it is 
possible to enhance the freedom in selecting a driving way of storage and display 
1 5 operations. Due to this, a variety of drive control is feasible depending on the 
method. 

[0119] Also, accordmg to the embodiments of the invention the column 
decoder section is made to randomly select a memory cell to store an image signal due 
to the address signal. Accordingly, there is no need to write sequentially onto the dots 

20 on the same scanning Une, and random writing can be made. This is convenient in 
rewriting display data as required. 

[0120] Also, according to the embodiments of the invention image signals 
.are inputted on one-pixel-unit basis, based on an input of which the column decoder 
section selects a memory cell in amount of one pixel as a display-change unit thus 

25 being convenient. 

[0121] Also, according to the embodiments of the invention image signals 
are inputted on a plurality-of-pixel-unit basis, wherein the column decoder section 
selects a memory cell in amount of a plurality of pixels based on an input thereof 
Accordingly, interconnections may be complicated but drive frequency can be 

30 decreased thus achieving reduction in power consumption. Also, sufficient operation 
is available if driving with the active element inferior in characteristic to single crystal 
FET. 
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[0122] Also, according to the embodiments of the invention the image- 
signal-input interconnection and column selection switch section are formed on a side 
opposite to the display drive section sandwiching the memory cell section. 
Accordingly, it is possible to achieve the reduction in power consumption by 
5 decreasing the crossover of interconnections and prevent superposition of noise on the 
display screen due to the effects of switching or the like. 

[0123] Also, according to the embodiments of the invention a multi-stage 
structure is given in the structure and the formation. Accordingly, even where the 
memory cell cannot be allocated corresponding to the length in the row direction of 

1 0 the display drive section because, for example, of increase in the memory cell in 

amount of one dot due to increase in the number of tonal levels, the interconnections 
can be facilitated and space saving be achieved. 

[0124] Also, according to the embodiments of the invention the structure is 
made by a plurality of rows. Accordingly, where the memory cell cannot be allocated 

15 corresponding to the length in the row direction of the display drive section because, 
for example, of increase in the memory cell in amount of one dot due to increase in 
the number of tonal levels, it is possible to suppress the length in the row direction 
despite the length in the column direction broadens. 

[0125] Also, according to the embodiment of the inventions where a 

20 plurality of rows of memory cells can be allocated corresponding to the length in the 
row direction of the display drive section, the memory cells in the number capable of 
storing an image signal for display control of a plurality of rows of dots of the display 
drive section are structured by a memory array allocated corresponding to the length in 
the row direction of the display drive section (e.g. the memory cells allocated to have 

25 a length in the row direction equal to or smaller than the length in the row direction of 
the display drive section). Accordingly, space saving is further achieved. 

[0126] Also, according to the embodiment of the invention a timing 
controller section for controlling timing of transmitting the address signal and a 
memory controller section for controlling to transmit the image signal are further 

30 integrated on the substrate and integrally formed therewith, to systematically, 

integrally forming all the peripheral circuit required for display control on the same 
substrate. Accordingly, the system entirety can be made at low cost, reliable and 
space-saved. 
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[0127] Also, according to the embodiment of the inventiona D/A converter 
is provided between the display drive section and the memory cell section to supply 
the image signal converted into an analog signal to the display drive section. 
Accordingly, display can be made by the display drive section compatible with analog 
signals. 

[0128] Also, according to the embodiment of the inventions the display 
drive section and the memory cell section are directly coupled together to directly 
supply an image signal comprising a digital signal to the display drive section. 
Accordingly, display can be made by the display drive section compatible with digital 
signals, and consumption power be reduced. 
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CLAIMS 

1 . A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, the display drive 
performs display control using a liquid crystal by driving said scanning lines and said 
data lines; 

a scaiming line driver that selects and drives said scanning lines, the 
scanning line driver being allocated corresponding to a length in a column direction of 
said display drive; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated corresponding to the length in a row 
direction of said display drive; 

a column decoder allocated corresponding to the length in the rov^ 
direction of said display drive, the coliamn decoder selects said memory cells for 
storing an input image signal; 

a column selection switch section allocated corresponding to the 
length in the row direction of said display drive, to switch on the basis of a selection 
by said column decoder and the image signal and storing the image signal to said 
memory cells selected by said colvimn decoder; and 

a data line driver allocated corresponding to the length in the row 
direction of said display drive, the data line driver drives said data lines on the basis of 
the image signal stored in said memory, the data line driver further being integrated on 
a semiconductor or an insulating substrate and integrally formed therewith. 
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2. A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, the display drive 
5 performs display control using a liquid crystal by driving said scanning lines and said 
data lines; 

a scanning line driver that selects and drives said scanning lines, the 
scanning line driver being allocated to have a length in a column direction equal to or 
smaller than a length in a rov^ direction of said display drive; 
10 a memory having a plurality of memory cells that are capable of 

storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated to have a length in a row direction 
thereof equal to or smaller than the length in the row direction of said display drive; 

a column decoder allocated to have a length in a row direction equal 
15 to or smaller than the length in the row direction of said display drive, the colunm 
decoder selects said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of said display drive, 
to switch on the basis of a selection by said column decoder and the image signal and 
20 storing the image signal to said memory cells selected by said colunm decoder; and 

a data line driver allocated to have a length in a row direction equal 
to or smaller than the length in the row direction of said display drive section, the data 
line driver drives said data lines on the basis of the image signal stored in said 
memory, the data line driver further being integrated on a semiconductor or an 
25 insulating substrate and integrally formed therewith. 
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3. A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, the display device emits 
an organic EL elements connected to said active elements by driving said scanning 
lines and said data lines to perform display control; 

a scanning line driver that selects and drives said scanning lines, the 
scanning line driver being allocated corresponding to a length in a column direction of 
said display drive; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated corresponding to the length in the rov^ 
direction of said display drive; 

a column decoder allocated corresponding to the length in the row 
direction of said display drive, the column decoder selects said memory cells for 
storing an input image signal; 

a column selection switch section allocated corresponding to the 
length in the row direction of said display drive to switch on the basis of a selection by 
said column decoder and the image signal and storing the image signal to said 
memory cells selected by said colvimn decoder; and 

a data line driver allocated corresponding to the length in the row 
direction of said display drive section, the data line driver drives said data lines on the 
basis of the image signal stored in said memory, the data line driver further being 
integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 
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4. A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, to emit an organic EL 
5 element connected to said active elements by driving said scanning lines and said data 
lines to perform display control; 

a scanning line driver that selects and drives said scanning lines, the 
scanning line driver being allocated to have a length in a colunm direction equal to or 
smaller than a length in the column direction of said display drive; 
10 a memory having a plurality of memory cells that are capable of 

storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated to have a length in a row direction 
thereof equal to or smaller than the length in the row direction of said display drive; 

a column decoder allocated to have a length in a row direction equal 
15 to or smaller than the length in the row direction of said display drive, the colunm 
decoder selects said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of said display drive, 
to switch on the basis of a selection by said column decoder and the image signal and 
20 storing the image signal to said memory cells selected by said column decoder; and 

a data line driver allocated to have a length in a row direction equal 
to or smaller than the length in the row direction of said display drive, the data line 
driver drives said data lines on the basis of the image signal stored in said memory, 
the data line driver further being integrated on a semiconductor or an insulating 
25 substrate and integrally formed therewith. 
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5. A display device, comprising: 

a display drive having a plurality of scanning lines and a plxirality of 
bit lines, and a liquid crystal display that is controlled by driving the corresponding 
scanning lines and bit lines and provided on a dot-by-dot basis as minimum units of 
5 display control, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
the display drive, the memory being allocated corresponding to the length in the rov^ 
direction of said display drive; 
10 a column decoder allocated corresponding to the length in the rov^ 

direction of said display drive, the column decoder selects the memory cells for 
storing an input image signal; and 

a column selection switch section allocated corresponding to the 
length in the row direction of said display drive, to switch on the basis of a selection 
15 by said column decoder and the image signal and storing the image signal to said 
memory cell selected by said column decoder, the colunan decoder being integrated on 
a semiconductor or insulating substrate and integrally formed therewith. 

6. A display device, comprising: 

a display drive having a plurality of scanning lines and a plxirality of 
20 bit lines, and a liquid crystal display that is controlled by driving the corresponding 
scanning lines and bit lines and provided on a dot-by-dot basis as minimum units of 
display control, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
25 said display drive, the memory being allocated to have a length in a row direction 



40 

thereof equal to or smaller than the length in the row direction of said display drive, 
and each of the memory cells being connected to each of the bit lines; 

a column decoder allocated to have a length in a row direction equal 
to or smaller than the length in the row direction of said display drive, the colunrn 
decoder selects said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of said display drive, 
to switch on the basis of a selection by said column decoder and the image signal and 
storing the image signal to said memory cells selected by said colunrn decoder, the 
column selection switch section being integrated on a semiconductor or an insulating 
substrate and integrally formed therewith. 

7. A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
bit lines, and organic EL elements to be controlled in luminescent display by driving 
the corresponding scanning lines and bit lines and provided on a dot-by-dot basis as 
minimum units of control in display, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated corresponding to the length in the row 
direction of said display drive, and each of the memory cells being connected to each 
of the bit lines; 

a colunm decoder allocated corresponding to the length in the row 
direction of said display drive, the column decoder selects said memory cells storing 
an input image signal; and 
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a column selection switch section allocated corresponding to the 
length in the row direction of said display drive, to switch on the basis of a selection 
by said column decoder and the image signal and storing the image signal to said 
memory cell selected by said column decoder, the column selection switch section 
being integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

8. A display device, comprising: 

a display drive having a plurality of scanning lines and a plurality of 
bit lines, and organic EL elements to be controlled in linninescent display by driving 
the corresponding scanning lines and bit lines and provided on a dot-by-dot basis as 
minimum units of control in display, and formed in a matrix form; 

a memory having a plurality of memory cells that are capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive, the memory being allocated to have a length in a row direction 
thereof equal to or smaller than the length in the row direction of said display drive 
and each of the memory cells being connected each of the bit lines; 

a column decoder allocated to have a length in a row direction equal 
to or smaller than the length in the row direction of said display drive, the column 
decoder selects said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of said display drive, 
to switch on the basis of a selection by said column decoder and the image signal and 
storing the image signal to said memory cells selected by said colimm decoder, the 
colvimn selection switch section integrated on a semiconductor or an insulating 
substrate and integrally formed therewith. 
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9. A display device as claimed in claim 1, wherein the number of said 
memory cells, which are allocated corresponding to the length in the row direction of 
said display drive and capable of storing the image signal for display control of the 
dots on one row of said display drive, is structured redundantly. 

10. A display device as claimed in claim 1, wherein said memory 
connects said memory cells in the number capable of storing an image signal for 
display control of the one-row dots to each of word lines in the number equal to the 
number of said scanning lines and is structured with a memory array corresponding to 
dot arrangement of said display drive, and 

a word line driver that selects and drives said word lines are further 
integrated on and integrally formed with said substrate. 

11. A display device as claimed in claim 10, wherein, on the basis of an 
address signal representative of a display position and a storage position, said 
scanning line driver selects said scarming lines and said word line driver selects said 
word lines. 

12. A display device as claimed in claim 11, wherein the same address 
signal is inputted to said scanning line driver and said word line driver. 

13. A display device as claimed in claim 11, wherein independent 
address signals are inputted to said scanning line driver and said word line driver. 

14. A display device as claimed in claim 11, wherein said scanning line 
driver operates to select and drive said scanning lines on the basis of the address 
signal only when a scanning line driver control signal is inputted, and said word line 
driver operates to select and drive said word lines on the basis of the address signal 
only when a word line driver control signal is inputted. 
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15. A display device as claimed in claim 11, said column decoder section 
selecting the memory cell to store an inputted image signal on the basis of the address 
signal. 

16. A display device as claimed in claim 15, v^herein one pixel 
comprises three dots provided for developing and displaying red, blue and green as 
light source colors, the image signal is inputted on the basis of a unit of one-pixel , 
and said colvinm decoder selects the memory cell in an amount of one pixel. 

17. A display device as claimed in claim 15, wherein one pixel 
comprises three dots provided for developing and displaying red, blue and green as 
light source colors, the image signal is inputted on the basis of a unit of a plurality of 
pixels , and said column decoder selects the memory cell in an amount of a pliirality 
of pixels. 

18. A display device as claimed in claim 1, wherein an input 
interconnection for the image signal to be stored in said memory cell and said column 
selection switch section are formed on a side opposite to said display drive 
sandwiching said memory therebetween. 

19. A display device as claimed in claim 1, wherein said memory is 
allocated with the memory cell corresponding to the length in the row direction of said 
display drive and formed in a multi-stage structure. 

20. A display device as claimed in claim 10, said word lines being 
provided in the nvmiber of integer times the number of the scanning lines, and said 
memory being structured by a memory array connecting , by grouping, the memory 
cells in the number capable of storing the image signal for display control of the one- 
row dots of said display drive to the word lines in the number of the integer times. 
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21. A display device as claimed in claim I, wherein said memory is 
structured by a memory array having the memory cells that are in the number capable 
of storing the image signal for display control of a plurality of rows of the dots of said 
display drive and allocated corresponding to the length in the row direction of said 
display drive. 

22. A display device as claimed in claim 1, wherein said memory is 
structured by a memory array having the memory cells that are in the number capable 
of storing the image signal for display control of a plurality of rows of the dots of said 
display drive and allocated to have a length in the row direction equal to or smaller 
than the length in the row direction of said display drive. 

23. A display device as claimed in claim 22, further comprising: 

a timing controller that controls a timing of transmitting the address 

signal, and 

a memory controller that controls the transmitting of the image 
signal, the memory controller being integrated on a semiconductor or an insulating 
substrate and integrally formed therewith. 

24. A display device as claimed in claim 1, wherein a D/A converter is 
provided between said display drive and said memory cell that converts the image 
signal comprising a digital signal stored in the memory cell into an analog signal, 
followed by supplying to said display drive. 

25. A display device as claimed in claim 1, wherein said display drive 
and said memory are directly coupled to supply the image signal comprising a digital 
signal stored in said memory to said display drive. 
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26. A display device as claimed in claim 25, wherein said display drive 
performs digital drive through area tonal level, time-division tonal level or a 
combination thereof. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides a display device having, integrated on a substrate and 
integrally formed therewith, an active-matrix LCD section having a plurality of 
scanning lines and a plurality of data lines formed in a grating form corresponding to 
dots, and active elements according to the respective intersections to perform display 
control using a liquid crystal by driving the scanning lines and the data lines. The 
display device further including a row decoder for selecting the scanning lines, a 
memory cell section having memory cells that are in the number capable of storing an 
image signal for display control of dots in at least one row of a display drive section 
and allocated corresponding to the length in the row direction of the display drive 
section. The display device further having a colunm decoder section for selecting a 
memory cell to be stored with an inputted image signal, a column selection switch 
section switching on the basis of a selection by the column decoder section 51 and the 
image signal and storing the image signal to the memory cell selected, and a k-bit 
DAC section 41 for driving a data line on the basis of the image signal stored in the 
memory cell section. 
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DISPLAY DEVICE 



[0001] The present invention relates to display devices. More particularly, 

^ — pirtxiote- (X. 

the invention relates to a drive circuit or the like to display on a liquid crystal 



display (LCD/4ik^4j^5^bl^^ or an organic^ display (OELD^/©^rit^ 



.^ACK QRQUND OF THE TNVKNTION 

[0002] Recently, , display devices using liquid crystal (hereinafte^referred to 
as display Vp a rc qproading at conspicuous pace . The display of this type is low in 
power consumption and improved m savmg space m companson with a CRT display. 
Accordingly, it is important to make use of the merits of such a display and produce a 
display that is lower in power consumption and improved in saving spa^e.^^^j^^^ ^ 
[0003] Fig. 1 1 is a block diagram of a system to^^pto^a^ display i 



a display device with a TFT display. This system i o ^conDtituted wit h an image signal 
source 100 and a TFT liquid crystal display panel 101. The image signal source 100 is 
formed, at least, by a CPU lOOA, a RAM lOOB, a frame memory lOOC and an LCD 
controller lOOD. The CPU lOOA is^peration control* mi^stte-transmir display data 
while exchanging data with the RAM lOOB as a general-purpose memory. ^^fe'Tli^ 
memory RAM lOOB is aot os p cciaHy provided^nly as a display memory, and hence 
require]/ii©*^%» memory/to store data for display. ^Uij-ri-^ frn-mr mnmruy UJUclV The 
frame memory lOOC temporarily stores display data for one screen of a liquid crystal 
panel lOlC (hereinafter, the data for one pixel is given as display data, and each 
binary signal forming the display data is referred to as an image signal). The LCD 
controller lOOD i6© implement transmission control or the like of display dat^in 
order to display in timing the display data stored in the frame memory lOOC in display 
positions on the liquid crystal panel lOlC. Herein, although the CRT th^e is^ a.., ^ 

can <^ <r-*f«.«i 

fi©ed4e^tommit the display data th rough convcrGion into analog data, the display data 
herein is transmitted by an image signal as digital data on the assumption that the 
interface of the liquid crystal display corresponds to digital data. If the image signal is 
digital data, D/A conversion is not required on the side of the TFT liquid crystal 
display panel 101. 



[0004] jMMft^ tie TFT liquid crystal display panel 101 k-^teetoed 
,^^^a scanning line driver 101 A, a digital data driver lOlB and a liquid crystal panel 
lOlC. The scanning line driver lOlA controls display in a scanning line (row) 
direction on the basis of timing data transmitted from the LCD controller lOOD, The 
digital data driver lOlB can receive and process digital-data image signal. The digital 
data driver lOlB controls display in a data-line (column) direction on the basis of 
timing data transmitted from the LCD controller lOOD. Thereupon, display tonal 
level j^also^n ^Ued. The liquid crystal panel lOlC is a panel ha ving^P^ 
Film Transistors)^© make display under the control of the scanning line driver 101 A 
and digital data driver lOlB. 

[0005] In such a system, the LCD controller lOOD must transmit to the 
digital data driver 10 IB the display-data image signal for the entire screen temporarily 
stored in the frame memory lOOC. Moreover, transmission timing by progressive 
scanning is fixed. Consequently, there is a need to transmit image signals in timing 
also for the display data on the pixels not requiring display change. ©Uc to this^there 
is an increase in useless data transmission amoxitft^am besee increase in power 
consumption. Thus, reduction of power consumption cannot be achieved. 

[0006] Therefore, it is an object of the present invention to obtain a display 
device of a space-saved design having a structure for achieving consumption-power 
reductio^^ moreover taking into consideration layout efficiency particularly for the 
case of integrally forming the peripheral circuit over a glass substrate. 
■ DISCLOSURE OF THE INVENTION ;^ Ao«k^ 

[0007] ^ display device of theUnvention-ol^ iiUum^ l c omprrsg^ a display 
drive section having a plurality of scanning lines and a plurality of data lines formed 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to perform display control using a 
liquid crystal by driving the scaiming lines and the data lines^^scanning line driver 
section allocated corresponding to a length in a column direction of the display drive 
section, to select and drive the scanning lines|^memory cell section having memory 
cells that are in the number capable of storing an image signal for performing display 
control of dots in at least one row of the display drive section and allocated ^ 
corresponding to the length in the row dnection of the display drive sectior^ column 
decoder section allocated corresponding to the length in the row direction of the 



display drive section, to select the memory cells for storing an input image signatf a 
column selection switch section allocated corresponding to the length in the row 
direction of the display drive section to switch on the basis of a selection by the 
column decoder section and the image signal and storing the image signal to the 
5 memory cells selected by the column decoder section^^mid a data line driver section 
allocated corresponding to the length in the row direction of the display drive section 
to drive the data lines on the basis of the image signal stored in the memory cell 
section, integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

1 0 [0008] hi this invention, where integral formation is made using polysilicon 

TFTs including a peripheral circuit on an insulating substrate, for example, of a glass 
substrate, or a quartz substrat^ memory cells of the memory cell section are allocated 
in the number capable of storing an image signal for display control of at least the dots 
on one row of the display drive section corresponding to a length in a row direction of 

15 the display drive section in order to achieve space saving, besides the colxxmn decoder 
section, column select switch section and data line driver section. 

[0009] It is noted that ^ points^Uocated corresponding to a length in a 
column directioiXand^Uocated corresponding to a row directioii^mean that, for 
example, in the memory cell section, the length in the row direction thereof 

20 corresponds to a length in the row direction of the display drive section. More 

specifically, this means Athe length in the row direction is equal to or smaller than the 

# 

length in the row direction of the display drive sectioi]^! ^g limited in the invention - of 
■■ c t aim2 >^^The meaning of ^qual to or smaller thai?^is either that the both are equal or 
that the former is small as compared to the latter. In the invention, however, for 

25 example the length in the row direction of the memory cell section may be 

satisfactorily somewhat greater ^(fer g. about several % ^than the length in the row 
direction of the display drive section. 

[0010] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 

30 occurrence of a useless space on the substrate due to non-correspondence of the 

dimensions of the memory cell section to the dimensions of the display drive section. 
The occiarrence of a useless space is meant, for example, to cause a comparatively 
broad space *9t no circuit is provided on the substrate in an area of the display drive 
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section along a row-direction-side end because the length in the row direction of the 
memory cell section is ^^geij^ longer than the length in the row direction of the 
display drive section, '^'^^"'^^^fy . ^ ij 

[0011] A display device of the4nvention < rf cl dini 2 comprises:/ a display 
5 drive section having a plurality of scanning lines and a pliirality of data lines formed 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to perform display control using a 
liquid crystal by driving the scanning lines and the data lines|'ascanning line driver 
section allocated to have a length in a column direction equal to or smaller than a 

1 0 length in a colunm direction of the display drive section, to select and drive the 

scanning lines^memory cell section having memory cells that are in the number 
capable of storing an image signal for performing display control of dots in at least 
one row of the display drive section and allocated to have a length in a row direction 
thereof equal to or smaller than the length in the row direction of the display drive 

1 5 section]^ column decoder section allocated to have a length in a row direction equal 
to or smaller than the length in the row direction of the display drive section, to select 
the memory cells for storing an input image signal)^ column selection switch section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to switch on the basis of a selection by the 

20 column decoder section and the image signal and storing the image signal to the 

memory cells selected by the column decoder section^and a data line driver section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to drive the data lines on the basis of the 
image signal stored in the memory cell section, integrated on a semiconductor or an 

25 insulating substrate and integrally formed therewith. 

[0012] hi this invention, where integral formation is made using polysilicon 
TFTs including a peripheral circuit on an insulating substrate for example, of a glass 
substrate, or a quartz substrat^memory cells of the memory cell section are allocated 
in the number capable of storing an image signal for display control of at least the dots 

30 on one row of the display drive section to have a length in the row direction thereof 
equal to or smaller than the length in the row direction of the display drive section in 
order to achieve space saving, besides the column decoder section, column selection 
switch section and data line driver section. 



[0013] A display device of the-invention ofdaim 3 compriseg^ a display 
drive section having a plurality of scanning lines and a plurality of data lines fonned 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to emit an organic EL element 
connected to the active elements by driving the scanning lines and the data lines to 
perform display contro^ scanning line driver section allocated corresponding to a 
length in a column direction of the display drive section, to select and drive the 
scanning line^a'memory cell section having memory cells that are in the number 
capable of storing an image signal for performing display control of dots in at least 
one row of the display drive section and allocated corresponding to the length in the 
row direction of the display drive sectiorij^ column decoder section allocated 
corresponding to the length in the row direction of said display drive section, to select 
the memory cells for storing an input image signalja'column selection switch section 
allocated corresponding to the length in the row direction of the display drive section 
to switch on the basis of a selection by the column decoder section and the image 
signal and storing the image signal to the memory cells selected by the column 
decoder section^^d a data line driver section allocated corresponding to the length in 
the row direction of the display drive section, to drive the data lines on the basis of the 
image signal stored in the memory cell section, integrated on a semiconductor or an 
insulating substrate and integrally form therewith. 

[0014] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally fonned, for 
example, on polysihcon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
display drive section. 

[0015] It is noted that the point^Xllocated corresponding to a length in a 
column directioi^^an^Xallocated corresponding to a row direction^^fneSithat, for 
example, in the memory cell section, the length in the row direction thereof 
corresponds to a length in the row direction of the display drive section More 
specifically, this'meansV^the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive sectior^is4k»ited-tn-aie4e^^ 
claim-4^ The meaning of)4qual to or smaller than^is either that the both are equal or 



that the former is small as compared to the latter, hi the invention, however for 
example, the length in the row direction of the memory cell section may be 
satisfactorily somewhat greater fc.g. about scvcial ^ /1; i(than the length in the row 
direction of the display drive section. 

[0016] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. r^.«-V ' j i 

[0017] A display device of the\nvention ^ fclaim 4 coiapris<g ^a display 
drive section having a plurality of scanning lines and a plurality of data lines formed 
in a grating form correspondmg to dots as minimum units of display and active 
elements provided corresponding to intersections, to emit an organic EL element 
connected to the active elements by driving the scanning lines and the data lines to 
perform display control^scanning line driver section allocated to have a length in a 
column direction equal to or smaller than a length in a row direction of the display 
drive section, to select and drive the scanning Knesj^memory cell section having 
memory cells that are in the number capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated to 
have a length in a row direction thereof equal to or smaller than the length in the row 
direction of the display drive sectiorij^coliunn decoder section allocated to have a 
length in a row direction equal to or smaller than the length in the row direction of the 
display drive section, to select the memory cells for storing an input image signa|^ ^ 
column selection switch section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of the display drive section, to switch 
on the basis of a selection by the column decoder section and the image signal and 
storing the image signal to the memory cells selected by the colunrn decoder sectioi|!|^^ 
and a data line driver section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to drive the 



data lines on the basis of the image signal stored in the memory cell section, integrated 
on a semiconductor or an insulating substrate and integrally formed therewith. 

[0018] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed, for 
example, on polysilicon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section, in order to 
achieve space saving, besides the coliunn decoder section, column selection switch 
section and data line driver section. -prr^'^ c^-^ f^JuJe. 

[0019] A display device of the^vention ofcMm 5 compr isc s^ a display 
drive section having a plurality of scanning lines and a plurality of bit line, and a 
liquid crystal controlled in displayj |by driving the corresponding ones of the scanning 
lines and bit lines and provided on a dot-by-dot basis as minimum units of display 
control, and formed in a matrix fom^ memory cell section having memory cells that 
are in the number capable of storing an image signal for performing display control of 
dots in at least one row of the display drive section and allocated corresponding to the 
length in the row direction of the display drive section^column decoder section 
allocated corresponding to the length in the row direction of the display drive section, 
to select the memory cells for storing an input image signa^^^d a column selection 
switch section allocated corresponding to the length in the row direction of the display 
drive section, to switch on the basis of a selection by the column decoder section and 
the image signal and storing the image signal to the memory cell selected by the 
column decoder section, integrated on a semiconductor or an insulating substrate and 
integrally formed therewith. 

[0020] In this invention, where the display drive circuit for display control 
usmg a liquid crystal including a peripheral circuit )^integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
display drive section in order to achieve space saving, besides the column decoder 
section and column selection switch section. 



[0021] It is noted that the poin^Uocated corresponding to a row directioX^ 
means that, for example, in the memory cell section, the length in the row direction 
thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this means/\the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive sectioi^;^ s luniled hi t he inventi o n o f 
••^^k^mrS^ The meaning of Aequal to or smaller than^ is either that the both are equal or 
the that former is smaller compared to the latter. In the invention, however, for 
example, the length in the row direction of the memory cell section may be 
satisfactorily somewhat greater |b.g. about sev er al r oj[than the length in the row 
direction of the display drive section. 

[0022] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. yf^>e^'^ cu^ ,ac\^Iq^ 

[0023] A display device of the^nvention n J- daii i i 6 comprfe j ^ a display 
drive section having a plurality of scanning lines and a plurality of bit lines, and a 
liquid crystal controlled in display by driving the corresponding ones of the scanning 
Imes and bit lines and provided on a dot-by-dot basis as minimum imits of display 
control, and formed in a matrix form^memory cell section having memory cells that 
are in the number capable of storing an image signal for performing display control of 
dots in at least one row of the display drive section and allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of the 
display drive section, and each of the memory cells being connected to each of the bit 
linesj^column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of the display drive section, to select the 
memory cells for string an input image signal^^ a column selection switch section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to switch on the basis of a selection by the 



column decoder section and the image signal and storing the image signal to the 
memory cells selected by the column decoder section, integrated on a semiconductor 
or an insulating substrate and integrally formed therewith. 

[0024] In this invention, where^^he display drive circuit for display control 
using a liquid crystal including a peripheral circuit is integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row dnection of the display drive section in order to 
achieve space saving, besides the column decoder section and column selection switch 
section. -^ve-*'^ cp-^ i^'^^^^ 

[0025] A display device of the^vention €laim 7 com prise^ a display 
drive section having a plurality of scanning lines and a plurality of bit lines, and 
organic EL elements to be controlled in luminescent display by driving the 
corresponding ones of the scanning lines and bit lines and provided on a dot-by-dot 
basis as minimum units of control in display, and formed in a matrix form|a^ memory 
cell section having memory cells that are in the number capable of storing an image 
signal for performing display control of dots in at least one row of the display drive 
section and allocated corresponding to the length in the row direction of said display 
drive section, and each memory cell being connected to each of the bit lines||^ column 
decoder section allocated corresponding to the length in the row direction of the ^ 
display drive section to select the memory cells for storing an input image signal|^d 
a column selection switch section allocated corresponding to the length in the row 
direction of the display drive section to switch on the basis of a selection by the 
column decoder section and the image signal and storing the image signal to the 
memory cell selected by the column decoder section, integrated on a semiconductor or 
an insulating substrate and integrally formed therewith. 

[0026] In this invention, wherej^the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed by 
using polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
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display drive section in order to achieve space saving, besides the colximn decoder 
section and column selection switch section. 

[0027] It is noted that the point^Uocated corresponding to a row directio^ 
means that, for example in the memory cell section, the length in the row direction 
5 thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this meari^'Xfhe length in the row direction is equal to or smaller than the 
length in the row direction of the display drive sectioi^| ^g limited iii die liivcntie Brof 
--ekthtra^. The meaning of>lqual to or smaller that^^is either that the both are equal or 
that the former is smaller compared to the latter. In the invention, however, for 
1 0 example, the length in the row direction of the memory cell section may satisfactorily 
somewhat greater (og. about Dcvc^'^ ^^than the length in the row direction of the 
display drive section. 

[0028] In brief, for the memory cell section for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
1 5 occurrence of a useless space on the substrate due to non-correspondence of the 

dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
20 memory cell section is largely longer than the length in the row direction of the 
display drive section. '^rt-.tr^^ qc^^ i-tdo 

[0029] A display device of the^ invention ^fclaim 8 compris esi^a display drive 
section having a plurality of scanning lines and a plurality of bit lin4 and organic EL 
elements to be controlled in luminescent display by driving the corresponding ones of 
25 the scanning lines and bit lines and provided on a dot-by-dot basis as minimum units 
of control in display, and formed in a matrix formj^raemory cell section having 
memory cells that are in the number capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated to 
have a length in a row direction thereof equal to or smaller than the length in the row 
30 direction of the display drive section, and each of the memory cells being connected to 
each of the bit line^acolumn decoder section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of the display drive 
section, to select the memory cells for storing an input image signal^^c? a column 
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selection switch section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to switch on 
the basis of a selection by the column decoder section and the image signal and 
storing the image signal to the memory cells selected by the column decoder section, 
integrated on a semiconductor or insulating substrate and integrally formed therewith. 

[0030] In this invention, where^^he display drive circuit for display control 
using an organic EL element is integrally formed including a peripheral circuit, by 
using polysilicon TFTs, memory cells of the memory cell section in the number 
capable of storing an image signal for display control of at least the dots on one row of 
the display drive section are allocated to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section in order to 
achieve space saving, besides the column decoder section, and column selection 
sv^tch section. ^^.^^^V 

[0031] A display device of th^vention -e- f clainr9 structures redundant in the 
number of the memory cells allocated corresponding to the length in the row direction 
of the display drive section and in the number capable of storing the image signal for 
display control of the dots on one row of the display drive section. • 



[0032]Hnthis invention, even if structuring redimdantly in the number of the 
memory cells in the number capable of storing the image signal for display control of 
the dots on one row of the display drive section, they are allocated on the basis of the 
length in the row direction of the display drive section (e.g. to have a length in the row 
direction equal to or smaller than the length in the row direction of the display drive 

section). ^reXi^^ 

[0033] display device of the invention ef^tehtt'H) i^-^^thc memory cell 



sectiOT^connectj^the memory cells in the number capable of storing an image signal 
for display control of the one-row dots to each of the word lines in the number equal 
to the number of the scanning lines and is structured with a memory array 
corresponding to dot arrangement of the display drive section, and a word line driver 
section for selecting and driving the word Unes are further integrated on and integrally 
formed with the substrate, c^'^ 

[0034] In this invention, the memory cell section^structured by a memory 
array corresponding to the dot arrangement of the display drive section to store an 
image signal required for displaying one screen thereby providing a structure capable 
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of reducing data amount externally exchanged and achieving reduction in power 
consumption. Also, in order to store due to the array structure, ^the substrate is 
integrated and integrally formed therewith a word line driver section to select and 
drive the word lines provided equal in the number to the scanning lines. - 

[0035] A display device of the invention urdTTim 11 i ■ ilintj^^the basis of an 
address signal representative of a display position and a storage position, the scanning 
line driver section selects the scanning lines and the word line driver section selects 
the word lines. 

[0036] In this invention, a scanning line and a word line can be selected 
randomly by an address signal to secure the freedom in storage or display with respect 
to the column direction. 

[0037] A display device of the invention ^eJ^^a^^^^jf^ that the same address 
signal is inputted to the scanning line driver section and the word line driver section. 

[0038]^ this invention, in order to simplify the interconnections, the same 
lines can be shared by the scanning line driver section and the word line driver 
section. Consequently, the same address signal can be inputted in the same timing. 

[0039] display device of the invention <aEfc1nim IVhrthTri* independent 
address signals »e inputted to the scanning Une driver section and the word line driver 
section. <:r"s. 

[0040pin this invention, in order to enhance the freedom in storage and 
display operations, independent address signals are inputted to the scanning line driver 
section and the word line driver section, e.g. operation timing can be made different. 

[0041] display device of the invention ^^jdaliliJ^fc isAafe the scanning line 
driver sectiomoperate^to select and drive the scanning lines on the basis of the 
address signal only when a scanning line driver control signal is inputted, and the 
word line driver sectionjpperatejto select and drive the word lines on the basis of the 
address signal only when a word line driver control signal is inputted, ^ 



[0042] wthis invention, in order to simplifyHe mterconnecHons while 
enhancing the freedom of storage and display operations, the scaiming line driver 
section can perform selection and driving operations of a scanning lines on the basis 
of an address signal only when a scanning Une driver control signal is inputted and the 
word line driver section perform selection and driving operations of a word line on the 
basis of the address signal only when a word Une driver control signal is inputted. 



____ 

[0043] O^display device of the invention trftdai^KSiEM the column 
decoder section selects the memory cell to store an inputted image signal on the basis 
of the address signal, -^--s^ 

[0044f hi thislnvention, the column decoder section can select randomly a 
5 memory cell to store an image signal due to the address signal and secure the freedom 
in storage and display v^th respect to the row direction. 

[0045] ^display device of the invention-e£efeimddfcis4tet one pixel 
— -eo mpri seg three dots provided for developing and displaying red, blue and green as 
light source colors, the image signal being input on the basis of a unit of one-pixel , 
1 0 and the column decoder section selects the memory cell in an amount of one pixel. 

device performs color displays, the 
three dots provided for displaying the colors of red, blue and green as light source 
colors are taken as one pixel to input an image signal on the basis of a unit of one- 
pixel as a display change unit. The column decoder section selects memory cells in 
15 an amount of the one pixel on the basis of that inpuL____„ pi>cs^^ j-i y^-A-fa^ 
[0047]^ display device of tB ^ w c ntio n-rrf^^ one pixel 

^ - comprises three dots provided for developing and displaying red, blue and green as 

light source colors, the image signal being input on the basis of a unit of a plurality of 
pixels , and the column decoder section selects the memory cells in an amount of the 
20 plurality of pixels^^;p» 

[0048]^Inthis invention, where the display device performs color displays, in 
order to decrease the drive frequency, the three dots provided for displaying the colors 
of red, blue and green as light source colors are taken as one pixel to input an image 
signal on the basis of a unit of a plurality of pixels. The column decoder section 
25 selects memory cells in an amount of the plurality of pixels on the basis of that input. 
[0049] ^display device of theHnvention^- of "el atri^lS-KlL^ an input 
interconnection for the image signal to be stored in the memory cell and the column 
selection switch section^ formed on a side opposite to the display drive section 
sandwiching the memory cell section. "^"^^^ 
30 [0050]^n this invention, crossover"ofinterconnections is decreased to improve 

reduction in consumption power. Also, in order to prevent noise superposition due to 
the effect of switching or the like, the image-signal input interconnections and the 
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column selection switch section are formed on a side opposite to the display drive 
section sandv^iching the memory cell section. 

[0051]^display device of the inventio^ flfculaim 19 lij ^^^the memory cell 
section is allocated with the memory cell correspondmg to the length in the row 
direction of the displa y drive section and formed in a multi-stage structure^J ^^ 

[0052] wthis invention, where the memory cell cannot be allocated 
corresponding to the length in the row direction of the display drive section by the 
increase of the memory cell in amount of one dot for example due to increase in the 
nximber of tonal levels, the structure and the formation is made by providing multi- 
stages, ) 

[0053r)^display device of the inventioa^ g f claim 20 i i^S^ the word Unes are 
provided in the number of integer times the number of the scanning lines, and the 
memory cell section structured by a memory array connecting, by grouping, the 
memory cells in the nimiber capable of storing the image signal for display control of 
the one-row dots of the display drive section to the word Unes in the number of the 
integer times. < 

[0054f In this invention, where the memory cell cannot be allocated 
corresponding to the length in the row direction of the display drive section, for 
example, by memory-cell increase for one dot due to the increase of tonal levels, the 
structure and the formation is made by providing a plurality of rows. 

[0055]^ display device of the inventioii^ ^ claim 21 ig^QmD the memory cell 
section is structured by a memory array having the memory cells that are in the 
number capable of storing the image signal for display control of a plurality of rows of 
the dots of the display drive section and allocated corresponding to the length in the 
row direction of the dis play drive section. ^"^^ 

[0056]^^riiirinvention, where a plurality of rows of memory cells are 
allocated corresponding to the length in the row direction of the display drive section, 
in order to save space, the memory cells in the number capable of storing an image 
signal for display control of a plurality of rows of dots of the display drive section are 
structured by a memory array assigned corresponding to the length in the row 
direction of the display drive section. 

[0057f^^isplay device of the inventioii^ ^rpctaim ;i.= ^4s-fea^ the memory cell 
section is structured by a memory array having the memory cells that are in the 
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number capable of storing the image signal for display control of a plurality of rows of 
the dots of the display drive section and allocated to have a length in the row direction 
equal to or smaller than the length in the row direction o f the display drive^ eGtionji^ 

[0058]Mtrttiis invention, where a plurality of rows of memory cells are 
allocated corresponding to the length in the row direction of the display drive section, 
in order to save space, the memory cells in the number capable of storing an image 
signal for display control of a plurality of rows of dots of the display drive section are 
structured by a memory array assigned to have a length in the row direction thereof 
equal to or smaller than the length in the row direction of the display drive section, ^ 

[0059r^ display device of the inventioi^ ^ i^lahu 23 AuLBSFconiprii ^ a 
timing controller section for controlling timing of transmitting the address signal, and 
a memory controller section for controUing to transmit the image signal, integrated on 
a semiconductor or an insulating substrate and integrally formed therewith^J ^^^ 

[0060]^^his invention, the peripheral circuits required for controlling display 
are all integrally formed systematically on the same substrate. 

[0061]^ display device of the invention^uf^lciim2 il L Lhafe-a D/A converter ^ 
provided between the display drive section and the memory cell section, thereby 
converting the image signal comprising a digital signal stored in the memory cell into 
an analog signal, followed by supplying to the display drive section^^— ^ 

[0062ffe this invention, in order to display in an analog-compatible display 
drive section, a D/A converter is provided between the display drive section and the 
memory cell section. In the D/A converter, the image signal after converting into an 
analog signal is suppUed to the display drive section, 

[0063f^display device of the inventioii^sdHTrn v> isohm the display drive 
section and the memory cell section>^ directly coupled to supply the image signal 
comprising a digital signal stored in the memory cell section to the display drive 
section. 

[0064]Mn this invention, display is made in the display drive section 
compatible with digital signals. No D/A converter or the like is provided between the 
display drive section and the memory cell section. The image signal remained in the 
digital signal is supplied to the display drive section. 



G 



[OOeSfV display device of the inventionjof-iulaiin 2u i^i lliul^the display drive 
section performs digital drive through area tonal level, time-division tonal level or a 
combination thereof. 

[0066f In this invention, the display drive section compatible with digital 
signals makes display through area tonal level, time-division tonal level or a 

combination of the both. ,.rf:.-======={'^^ — 4 ^ 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^^""^^ — 

- — " — ^0067] Fig. 1 is kblock diagram representing a concept of a system including a 
display device according to a first emlDodiment of the present invention^ 
Fig. 2 is a diagram representing in detail a panel ly 

Fig. 3 is a diagram representing in detail a panel 1 A according to a second 
embodiment of the invention^^ • 

Fig. 4 is a diagram representing in detail a panel IB according to a third 
embodiment of the invention^^ ^ 

Fig. 5 is a diagram representing in detail a panel IC according to a fourth 
embodiment of the inventiory • 

Fig, 6 is a diagram representing in detail a panel ID according to a fifth 
embodiment of the inventioi^ \ 

Fig. 7 is a diagram representing in detail a panel IE according to a sixth 
embodiment of the invention^ J 

Fig. 8 is a diagram showing a circuit arrangement of an active-matrix OEL 
section 8^ 

Fig. 9 is a diagram representing in detail a panel IF according to a seventh 
embodiment of the inventionj(^ 

Fig. 10 is a diagram showing a circuit arrangement of an active-matrix LCD 
section 2A)( Qy^^ 

Fig. 1 1 is a block diagram of a system for display through a display device by a 
TFT displsi^ 




^■BBg^^a^E^F^R^ eaj? p ytistg ot it the it JVEi-mo^i 

[0068] Fig. 1 isj^ block diagram showing a concept of a system including a 
display device according to jSmbQdiffi £sd:±ggthe present invention. Fig, 1 represents 
a concept called system-on-panel (SOP). SOP is the concept to form a peripheral 
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circuit for display or the like over a glass substrate, and moreover to integrally form 
TFTs or the like together with the peripheral circuit by the use of poly-silicon or the 
like without using chips of ICs or the like. Due to this, the panel can be directly 
coupled to the CPU while achieving low cost, high reliability and space saving. 

5 [0069] In Fig. 1 , an image signal source 1 1 0 is configured by a CPU 1 1 OA to 

transmit display data. Herein, the display data is transmitted with image signals as 
digital data, similarly to the conventional configuration shown in Fig. 11. If the image 
signal is digital data, D/A conversion is not required on the side of a panel 1, 
correspondingly achieving the reduction in size and power consumption. Meanwhile, 

10 the panel 1 '^configured with an active-matrix LCD feection 2, a scanning line driver 
3, a digital data driver 4, a frame memory section 5, a memory controller 6 and a 
timing controller 7. The active-matrix LCD section 2 corresponds to a display drive 
section in the present invention. 

[0070] Fig. 2 is a figure representative in detail of the panel 1. The active- 

1 5 matrix LCD section 2 is a part for actual display by use of active elements of TFTs, 
diodes or the like. The active-matrix LCD section 2 is arrayed with pixels in the 
number of i x j . Because the present embodiment assumes a color display, three dots 
(ttetied also as sub-pixels) of R (Red), G(green) and B(Blue) as light-source colors 
are constituted as one pixel. For a monochromatic display, the pixel equals to the dot. 

20 The dot areas include data lines, scanning lines and active elements (e.g. switching 

elements by transistors, diodes or the like) arranged corresponding to the intersections 
of them. The active elements respectively have pixel electrodes to form a capacitance 
through a liquid crystal to a counter electrode. The voltage applied between the pixel 
electrode and the counter electrode controls the optical rotatory power due to liquid- 

25 crystal molecules, making display control on each dot. Moreover, even if the active 
element turns off the switch, the pixel electrode can sustain its displaying state owing 
to the storage charge before refreshing (display data rewriting) in the next time. The 
switch operation to the active elements and control of the charge supply to the pixel 
electrodes are implemented by driving a data Une and scanning line (supplying 

30 current). 

[0071] It is a scanning line driver 3 that controls to drive a scanning Une. The 
scanning line driver 3 is formed by a row decoder 31 and a scanning line drive buffer 
32. The row decoder 3 1 selects a scanning line to be driven on the basis of address 
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data inputted. The scanning line drive buffer 32 actually drives the scanning line 
selected by a column decoder 3 1 . 

[0072] Meanw^hile, it is a digital data driver 4 that controls to drive a data line. 
The digital data driver 4 is formed by a k-bit DAC section 41 as a D/A converter. 
5 Herein, a frame memory section 5 will be explained before explaining the operation of 
the k-bit DAC section 41 . 

[0073] The frame memory section 5 is configured by a column decoder 51, an 
input control circuit 52, a column selection switch section 53, a memory row decoder 
54, a word driver 55, a memory cell section 56 and a sense amplifier section 57. The 
=1 1 0 column decoder 5 1 selects one pixel out of one row (line) of pixels (in the number of 
fl j) on the basis of input address data. This ultimately results in selection of a to-be- 

Ql driven data line. The input control circuit 52 is a circuit to control an image signal (k 

2 X 3) in one-pixel amount transmitted in parallel from the memory controller 6. The 

colxxmn selection switch section 53 is provided in the number of pixels on one Une 
I 15 (i.e. k X 3 X j) with reference to one-pixel image signal (k x 3) as a unit. Each column 
selection switch performs switching on the basis of column decoder 5 1 selection and 
image signal, driving a bit line. Herein, the input control circxxit 52 and column 
C3 selection switch section 53 is arranged on a side opposite to the active-matrix LCD 

section 2 while sandwiching the memory cell section 56. This reduces 
20 interconnection crossing over, thus achieving simplification and consumption-power 
reduction. Moreover, by the operation of the input control circuit 52 and column 
selection switch section 53, no noise will be interposed over the analog-driven LCD 2. 
Thus, noise reduction in display can be achieved. 

[0074] The memory row decoder 54 selects a word line on the basis of input 
25 address data, in order to store to a desired memory cell of the memory cell section 56 
forming the memory array, as described later. The word driver 55 actually drives a 
word line selected by the memory row decoder 54. Consequently, the image signal is 
stored as the pixel display data to the memory cells in the number of k x 3 that are 
connected to the word line selected by the memory row decoder 54 and corresponding 
30 to the pixels selected by the column decoder 51 . 

[0075] Meanwhile, the memory cell section 56 has memory cells in the 
number ofkx3xixjto constitute a memory array of i-lines x k x 3 x j-columns. 
This number of memory cells is the nimiber required for each dot of R, G or B of the 
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display having a screen of i x j pixels to make display with brightness in a tonal level 
of 2k. In Fig. 2, k = 3 is given to enable setting with eight tonal-levels of brightness. 
This number of memory cells is the number of memory cells required, at least, to store 
an image signal in amount of one screen. For example, in some circuits, a circuit 
configuration is given with redundant memory cells for the necessity of securing 



[0076] Herein, space saving achieved to a greater extent as the size of 

the glass substrate become equal to the size of the active-matrix LCD section 2 as an 
actual display part, ^^s^gj if the memory cells are arranged such that the length of 
the memory cell section 56 in the row direction is equal to or smaller than the length 
of the active-matrix LCD section 2 in the row direction, the memory cells in one 
column can be arranged most efficiently with a saved space width. Consequently, 
because the length of memory-cell arrangement in the row direction required to 
control 1-dot display is equal to or smaller than a pitch of dots, the length of the entire 
frame memory section 5 in the row direction is given equal to or smaller than the 
length of the active-matrix LCD section 2 in the row direction. Accordingly, design is 
made in Fig. 2 such that the length in the row direction of k-bit memory cell 
arrangement equals to each pitch of dots. Each sense amplifier (or selection switch) 
of the sense amplifier section 57 and each k-bit DAC of the k-bit DAC section 41 are 
also designed based upon each pitch of dots. 

[0077] Also, the number of rows of the memory array is made equal to the 
number of scanning lines | so that the memory frame section 5 can store display data 
in amoimt of 1 screen. Consequently, it is possible to carry out storage with 
correspondence between a display-positioned pixel and a memory cell provided on a 
dot-by-dot basis. In order to achieve only space saving, it is satisfactory to have at 
least one row of memory cells without the especial necessity of constituting a memory 
array having the number of rows equal to the number of scanning lines. However, in 
order to reduce the data transmission amount over the system overall and I)g(w power 
consumption, memory cells are required in amount enough to store display data in 
amount of 1 screen with correspondence. Accordingly, an image signal in amount of 
display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 lOA. If no rewriting is made, the digital data driver 4 satisfactorily deals with the 
image-signal data stored in the memory cell section 56 as it is. 



operation stability. 




the sense ampHfier section 57 is 
herein, the use of the sense 



20 

[0078] Each sense ampUfier constituting 
connected on column (bit line)-by-column basis, 
amplifier is for the case each memory cell of the memory cell section 56 is configured 
by a dynamic memory, hi the case of configuration with a static memory, selection 
5 switches are used in configuration instead of sense amplifiers. 

[0079] The k-bit DAC section 41 constituting the digital data driver 4 is 
configured by k-bit DACs in the number of 3 x j. Each k-bit DAC is inputted with 
digital data based on the image signal stored on certain memory cells in the number of 
k through the bit lines in the niunber of k. The k-bit DAC converts the data-based 

1 0 value into a tonal level, depending upon which tonal level a data line is driven, hi the 
LCD, alternating-current drive is required for the purpose of extending the life of 
liquid crystal. Accordingly, digital data cannot be used as it is but must be^analog?|" / ^ 
^fe^f^^^^i^ hi this manner, display control is made, on the basis of display data, on the 
dot at an intersection of a driven scanning line and a data line. 

1 5 [0080] Herein, the digital data driver 4 and the frame memory section 5 of 

the invention are directly coupled (integrated) to drive-operate the data line by the 
direct use of stored digital data. Accordingly, for convenience (in relation to Fig. 1), 
the digital data driver 4 is configured by the k-bit DAC section 41, and the frame 
memory section 5 is configured by the column decoder 51, the input control circuit 52, 

20 the column selection switch section 53, the memory row decoder 54, the word driver 
55, the memory cell section 56 and the sense amplifier section 57. However, dbte^iy 
such distinction cannot be exactly made if considering the operational relationship %^ 
between the digital data driver and the frame memory in the conventional use. 

[0081] The memory controller 6 controls as k x 3 image signals in order to 

25 store the display data transmitted from the CPU 1 lOA into the frame memory section 
5. Also, the timing controller 7 has at least an address buffer 71 and transmit an 
address signal to the row decoder 31, column decoder 51 and memory row decoder 54 
in order to store or display the display data transmitted from the CPU 1 lOA. 

[0082] In the case of configuring the memory by chips or the like, it is 

30 problematic in what way fine provision can be made within the chip and layout be 

given by taking interconnectioij^^ into consideration. Where the peripheral circuit 
such as the memory on a glass substrate, conception differs from that. It is the active- 
matrix LCD section 2 as an actual display part that occupies over the greatest area on 
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the glass substrate. Moreover, the pitch of pixels (ultimately the entire size) is fixed. 

Consequently, it is the problem that the system, such as peripheral circuits, is laid out 

with efficiency in accordance with the size. Although the memory cells can be 

lessened if considering space saving without considering consumption power, the 

reduction of consumption power requires memory cells for storing data in amount of 

one screen. Therefore, the present embodiment aims at presenting the most efficient 

layout on the basis of establishing a peripheral circuit in order for reducing 

consumption power. -f^-e ^^lioco-o i\ 



[0083] Next, explanation will be made on the operation of /display < 

1 0 pi^^i^^Fig. 2. The CPU 1 1 OA transmits display data ^^^e to provide change in 
display. Consequently, where the image does not change, no display data is 
transmitted. When changing the display, an address signal is transmitted 
representative of a point (pixel) to be changed in display. Also, a display-data image 
signal is transmitted. Herein, the frame memory section 5 is provided with word lines 

1 5 corresponding in -afe number to scanning lines,^to enable >q store display data (image 
signal) in amount of one screen corresponding to the respective dots. Moreover, the 
row decoder 3 1 and the memory row decoder 54 are provided to enable selection of a 
scanning line and word line. Accordingly, a scanning line can be selected and driven 
randomly according to an address signal without requiring sequential scanning, which 

20 is convenient for rewriting display data as required. Also, in order to achieve space 
saving by simplifying the interconnections and reducing the circuit area, the same 
address signal is inputted to the row decoder 3 1 and the memory row decoder 54, 
respectively causing the corresponding sections to store and display in the same 
timing. As for the column decoder 51, random pixel selection can be made according 

25 to an address signal, random writing can be made without the necessity of sequential 
writing to the pixels (dots) on the same scanning line. 

[0084] In the case of not providing change in display, the digital data of the 
image signal stored in the frame memory section 5 is used as it is for making display, 
wherein no data transmission and reception is made to and from the CPU 1 lOA. 

30 However, because the LCD requires alternating-current drive, there is a need of drive 
using pixel-inversion drive while refreshing at least at a required minimimi frequency. 
This control is made with the scanning line driver 3 and the digital data driver 4. If 
the frequency is lowered, consumption-power reduction can be made tet flicker 



odcur s due to punch-through voltage or the Uke. Therefore, in order to makeTlicker ^ 
-rnsJi consp ieu^Hs- while reducing power consumption, the state of display is maintained 
with refreshing at a frequency, for example, of 30 Hz for still images (liquid crystal 
driven at 15 Hz). 

[0085] As concerned with the frame memory section 5, if the memory cells 
are constituted by static memories, there is no need to rewrite data (refresh). 
However, if constituted by dynamic memories, there is a necessity of refreshing in 
such timing as can hold the storage. 

[0086] As above, according to the first embodiment, where a system 
including not only a display part but also peripheral circuit on a substrate^as in SO^is 
integrally formed on a substrate, in the memory cell section 56 of the frame memory 
section 5, memory cells are formed to be arranged such that the length in the row 
direction of arrangement of memory cells with an amount required for controlling 
one-dot display is equal to or smaller than a pitch of dots, i.e., the length in the row 
direction of the memory cell section 56 is equal to or smaller than the length in the 
row direction of the active-matrix LCD section 2. Accordingly, it is possible to 
arrange memory cells in amount of one row with saved space width. 

[0087] Also, this is similarly made for the sense amplifier section 57 and k- 
bit DAC section 41, achieving space saving. 

[0088] Also, the number of rows of the memory array is given the same as 
the number of scanning lines (i) to enable the frame memory section 5 to store display 
data (image signal) in amount of one screen. Accordingly, it is possible to store data 
in amount of one screen with correspondence between the pixel in each position and 
the memory cell of the memory cell section 56. The image signal only in amount of 
display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 1 OA. Accordingly, the data transmission amount over the entire system can be 
decreased, and space-saved forming can be made with the maximum efficiency while 
achieving the reduction of power consumption. 

[0089] Also, because the row decoder 3 1 and the memory row decoder 54 
are provided to enable selection of a scanning line and word line to be driven on the 
basis of an address signal, a scanning line can be selected and driven randomly 
according to an address signal without the necessity of sequential scanning. This is 
convenient for rewriting display data as required. 
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[0090] Also, because the same address signal is inputted to the row decoder 
3 1 and the memory row decoder 54 to cause the respective corresponding points to 
perform storage and display in the same timing, space saving can be made due to 
simplification of interconnections and reduction of circuit area. 

[0091] Also, because the row decoder 51 can randomly select a pixel 
according to an address signal, random writing can be made without the necessity of 
sequential writing to the pixels (dots) on the same scanning line. This is convenient 
for rewriting display data as required. 

[0092] Also, because the input control circuit 52 and the column selection 
switch section 53 are arranged on a side opposite to the active-matrix LCD section 2 
sandwiching the memory cell section 56, crossover of interconnections is decreased 
thus achieving simplicity and consumption-power reduction. Moreover, there occurs 
no noise superposition over the analog-driven LCD 2 due to operation of the input 
control circuit 52 and column selection switch section 53, thus reducing noise in 
display. 

[0093] Furthermore, because the memory controller 6 and the timing 
controller 7 are integrally formed on the panel 1, the panel 1 can be directly coupled to 
the CPU 1 lOA, thus providing cost reduction, reliability and space saving for the 
system entirety. 



[0094] Fig. 3 is a figure showing in detail panel 1 A according to a second 
embodiment of the invention. The panel lA of Fig. 3 differs from the panel 1 of Fig, 
2 in that address signals are independently inputted to the row decoder 3 1 and the 
memory row decoder 54. Due to this, it is possible to make the timing of storage 
different from the timing of display operations. The drive frequency is higher than 
that of storage and display operations in simultaneous timing. However, various 
forms of driving is feasible, e.g., address data is transmitted to the memory row 
decoder 54 in certain timing to make storage operation, and then address data is 
transmitted to the row decoder 3 1 in the next timing to make display. 

[0095] As above, according to the second embodiment, because address 
signals are independently inputted respectively to the row decoder 3 1 and the memory 
row decoder 54, it is possible to enhance the freedom for selecting a drive method, 
- ^iiibu J in i e nt 2 
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[0096] Fig. 4 is a figure showing in detail j^panel IB according to a third 
embodiment of the invention. The panel IB of Fig. 4 differs from the panel 1 of Fig. 
2 in that a scanning line-select-control signal line and a word line-select-control signal 
line are respectively laid from the address buffer 71 to the row decoder 3 1 A and the 
memory row decoder 54A, to transmit a scanning line-select-control signal and a 
word-line-select-control signal. The same address signal is inputted to the row 
decoder 3 1 A and the memory row decoder 54 A. However, the row decoder 3 1 A is 
allowed to select a scanning line only during the period that a scanning line-select- 
control signal is on. Also, the memory row decoder 54A similarly is allowed to select 
a word line only during the period that a word-line-select-control signal is on. 
Consequently, storage and display operations can be made in different timing 
depending upon control of on-off of these signals. 

[0097] As above, according to the third embodiment, the scanning line- 
select period of the row decoder 31 A is limited on the basis of the scanning line- 
select-control signal and the word-line-select period of the memory row decoder 54A 
is limited on the basis of the word-line-select-control signal. Therefore, it is possible 
to enhance the freedom for selecting a drive method for storage and display 
operations. Accordingly, various ones of drive control are feasible depending on the 
method. 



[0098] Fig. 5 is a figure representing in detail a panel IC according to a 
fourth embodiment of the invention. The panel IC of Fig. 5 differs from the panel IB 
of Fig. 4 in that a column selection switch section 53 A, a sense amplifier section 57A 
and memory cell section 56A are laid out taking into account a case such as k = 6. 
Also, the colinnn decoder 51 A and the input control circuit 5;^r^spectiv^^^^l with 
signals in two times due to k = 6, as compared to the colunan decoder 5 1 and the input 
control circuit 52 (besides this, different from the panel 1 of Fig. 2 in that there are a 
scanning line-select-control signal line and a word-line-select-control signal line). As 
described before, if the memory cells are arranged such that the length in the row 
direction of the memory cell section 56 is equal to or smaller than the length in the 
row direction of the active-matrix LCD section 2, then the memory cells in one 
column can be arranged most efficiently with a saved space width. Accordingly, it is 
ideal to arrange the memory cells in amount of k bits in the row direction to have a 
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length equal to or smaller than the pitch of dots. However, if increasing the tonal 
level, the value of k increases (64 tonal levels at k = 6, display possible in about 260 
thousand colors). That is, there is an increase in the number of memory cells to store 
1-dot data. Due to this, it is to be considered that the arrangement of memory cells in 
amount of k bits as they are will exceeds the pitch of dots. Accordingly, the present 
embodiment has a memory array in a multi-stage configuration in the memory cell 
section 5 6 A, wherein the memory cells are laid out and integrally formed to have such 
an arrangement that the length in the row direction of the memory cell section 56A is 
equal to or smaller than the length in the row direction of the active-matrix LCD 
section 2. ^^ckrsA^**^ 



[0099] Meanwhile, it is to be - cemsidofed as another way of thinking that the 
number of memory-array rows is provided integer times the number of scanning lines 
to constitute a 1-dot memory cells in a plurality of rows. In this case, the k-bit DAC 
section 41 time-division-processes digital data to drive the data line. 

[0100] As above, according to the fourth embodiment, where the length of 
arrangement of k-bit memory cells in the row direction cannot be given equal to or 
smaller than the pitch of dots, the memory array is made in a multi-stage configuration 
to have layout and integral formation such that the length in the row direction of the 
memory cell section 56 A equal to or is smaller than the length in the row direction of 
the active-matrix LCD section 2. Accordingly, it is possible to facilitate 
interconnections between the memory cell section 56 A and the k-bit DAC section 41. 
Thus, space saving can be achieved. 

[0101] Fig. 6 is a figure representing in detail a panel ID according to a fifth 
embodiment of the invention. The panel ID of Fig. 6 differs from the panel IB of 
Fig. 4 in arrangement of memory cells in the memory cell section 56B, and in that the 
image signals for two pixels are simultaneously inputted so that the column decoder 
5 IB can select two pixels simultaneously. Furthermore, the input control circuit 52 A 
and the colvimn selection switch section 53 A respectively deal with signals in two 
times as compared to the input control circuit 52 and the column selection switch 
section 53 A. 

[0102] The fourth embodiment explained on the case that the length of 
arrangement of memory cells in amount of k bits is longer than the pitch of pixels. 
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Conversely, the length of arrangement of memory cells in amount of plxirality of 
pixels (dots) is equal to or smaller than the pitch of one pixel (dot)^ it is possible to 
further save the space by laying out and integrally forming the memory cells in 
amount of a plurality of pixels (dots) arranged corresponding to the one-pixel (dot) 
5 pitch. However, in this case, the same number of word lines as the scanning lines are 
provided to provide memory cells corresponding to the dots without sharing the word 
lines. It is noted that in this case the sense amplifier section 57 can be shared. 

[0103] Also, in the first to fourth embodiments the row decoder 51 was / i u 4- 
configured to select one pixel, as in Fig. 2 to Fig. 5. However,Hhe present invention is 

10 not limited to thisjf^ut may be made to select integer-times simultaneously. In this 
case, the image signal is inputted in proportion to the multiple. 

[0104] As above, according to the fifth embodiment, where the length of 
arrangement with memory cells in amount of plxorality of pixels (dots) is equal to or 
smaller than the length of one-pixel (dot) pitch, the memory cells in amoimt of 

15 plurality of pixels (dots) are laid out and integrally formed by arrangement 

corresponding to the one-pixel pitch. Accordingly, space saving can be further 
achieved. Moreover, the sense amplifier section 57 can be shared. Also, because the 
column decoder 511 can select two pixels simultaneously, the drive frequency can be 
lowered and power-consumption reduction be achieved despite interconnection is 

20 complicate. Also, sufficient operation is obtained even if driven by the active 
elements inferior in characteristic to the single-crystal FETs. 

[0105] Fig. 7 is a figure representing in detail a panel IE according to a sixth 
embodiment of the invention. The panel IE of Fig. 7 differs from the panel 1 of Fig. 2 
25 in that the section for actual display is made as a digital-compatible active-matrix 
OEL section 8 as a display drive section and in that the k-bit DAC section 41 is not 
used. 

[0106] OEL (organic Electro Luminescent) means an organic EL element. 

This OEL element is a spontaneous luminescent device different from liquid crystal. 

♦ 

30 Consequently, the device has the following features ^and is c:?Lpcctcd in the displa y 
field and . other fields 

(1) wide view angle * 

(2) reduction of weight and thickness feasible * 
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(3) high contrast ratio *, 

(4) low power consumption (back light not required) *^ 

(5) multi-color feasible due to molecular design d 

(6) high-definition display feasible owing to current drive . 

5 [0107] Fig. 8 is a figure showing a circuit arrangement of an active-matrix 

OEL section 8. Fig, 8 shows an arrangement with two pixels. As described before, 
LCD requires alternating-current drive for the purpose of extending the life of liquid 
crystal. Consequently, analog conversion is generally implemented without using 
digital data as it is. Where making OEL luminous, usually digital data is analog- 
10 converted, e.g. two transistor scheme is used to hold the converted analog signal 

(data) on a capacitance or the like. The output current of the transistor is controlled 
with the converted analog data to control the luminescence of OEL. It is noted that 

ijj OEL is driven on direct current (DC drive). On the other hand, as shown in Fig. 8, it 

is possible to deal with digital data such as an image signal, as it is, stored on each 

- 15 memory. 

yl [0108] Next, explanation will be made on a method for displaying display 

data stored on the frame memory by exemplifying the dot of Rl (R of a pixel on the 
W first column). Rl is provided with seven OEL elements to display eight tone levels. 

The seven OEL elements are grouped with one OEL element, two OEL elements and 
20 four OEL elements respectively, connected to RIS, RIT and RIU corresponding to 

each bit line. The difference in tonal level is expressed by luminescent area. 

Accordingly, at tonal level 0, RIS, RIT and RIU are not driven not to emit any of the 

elements. At tonal level 1, Rl S is driven to make one OEL element luminous. 

Similarly, at tonal level 2, RIT is driven to make two OEL elements luminous, and at 
25 tonal level 3, RIS and RIT are driven to make three OEL elements limiinous. Tonal 

level is represented by the combination of them. This isj^true for the dots of G and B. 
[0109] Herein, OEL may be DC driven, and refi:esh due to inversion drive is 

usually unnecessary where change in displaying is not required. It is noted that a 

dynamic circuit is used in Fig. 8, Accordingly, even if there is no change in 
30 displaying, there is need to maintain displaying by refreshing at a constant time 

interval on the basis of the data stored in each memory cell in the frame memory 

section 5. 



Fig. l^dti 
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[0110] Although Fig. 7^escribe^^rresponding to Fig. 2 as the first 
embodiment, it m^ncodless to say that the active-matrix OEL section 8 is applicable to 
the display devices employing the respective panels of the second to fifth 
embodimentsc 

5 [0111] Also, although the sixth embodiment shows the example to 

implement digital drive due to so-called area tonal level, it may be, for example, in an 
arrangement to make digital drive by time-division drive or an arrangement to malce 
digital drive by the combination of area tonal level and time-division drive. In order 
to provide time-division drive, on-off signals may be applied, in synchronism with a 

1 0 timing signal repeated with a constant period, to the OEL elements in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel. 

[0112] As above, according to the sixth embodiment, because OEL element 
as spontaneous luminescent device is used for display, it is possible not only to obtain 
the effects of the first to fifth embodiments but also to reduce power consumption and 

1 5 weight due to unnecessity of back light. Moreover, because tonal representation is 
feasible by using the digital data to be stored in the frame memory section 5 , as it is, 
without analog conversion, there is no need to use such a circuit as DAC. The 
peripheral circuit can be saved in space and reduced in power consumption. 
Embodiment 7 \ . ^ 

20 [0113] Fig. 9 is . ^gure representing in detail a panel IF according to a 

seventh embodiment of the invention. The panel IF of Fig. 9 differs from the panel 
IE of Fig. 7 in that the section for actual display is made as an active-matrix LCD 
section 2A as a display drive section, 

[0114] Incidentally, the panel IF of Fig. 9 differs fi*om the panel 1 of Fig. 2 

25 in that the section for actual display is made as a digital-compatible active-matrix 
LCD section 2A and in that the k-bit DAC section 41 is not employed. 

[0115] Fig. 10 is a figure showing W circuit arrangement of the active-matrix 
LCD section 2A. Fig. 10 shows an arrangement with two pixels. As described 
before, because LCD requires alternate-current drive for the pvirpose of extending the 

30 life of liquid crystal, analog conversion is generally made without using digital data as 
it is. The configuration of Fig. 10 is made to deal with digital data such as the image 
signal stored on each memory cell, as it is, as hereinafter described. 
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[0116] Next, ^ method for displaying the display data stored in the frame 
memory will be explained by exemplifying the dot of Rl (R on the first column 
pixel). Rl has three liquid crystal regions respectively covered with independent pixel 
electrodes in order to represent eight tonal levels. The three liquid crystal regions are 
in area ratio of 1 :2:4 and connected to RIS, RIT and RIU corresponding to each bit 
line. Meanwhile, the region of the active-matrix LCD section 2A^other than the liquid 
crystal regions, i.e. the entire region excepting the pixel electrodes, are shaded. 
Accordingly, the difference of tonal level is represented as an area of the liquid crystal 
region in a transmissive state. Hence, at tonal level 0, RIS, RIT and RIU are not 
driven to make every liquid crystal region in a shade state. At tonal level 1 , Rl S is 
driven to make the liquid crystal region of the area ratio 1 in a transmissive state. 
Similarly, at tonal level 2, RIT is driven to make the liquid crystal region of the area 
ratio 2 in a transmissive state, and at tonal level 3, RIS and RIT are driven to make 
the liquid crystal regions of the area ratio 1 and area ratio 2 in a transmissive state. 
Tonal level is represented by this combination. This isftrue for the dots of G and B. 

[0117] In this embodiment, a rectangular wave is supplied to the common 
feed line VLC to apply voltage to each liquid crystal region. The voltage of the 
rectangular wave to be supplied to the common feed line VLC is a voltage that 
positive and negative potentials can completely raise the liquid crystal. Also, the 
frequency of the rectangular wave is the same as the frequency of an alternating- 
current drive in the usual liquid crystal display device. This realizes a digital- 
compatible active-matrix LCD section 2A. 

[0118] Incidentally, because Fig. 10 of the present embodiment uses a 
dynamic circuit similarly to Fig. 8 of the sixth embodiment, there is a need to sustain 
displaying by refreshing at a constant time interval on the basis of the data stored on 
each memory cell of the frame memory section 5. 

[0119] Although Fig. 9 describes corresponding to Fig. 2 as the first 
embodiment, it ig^tioedtess ' say that die digital-compatible active-matrix LCD 
section 2A is applicable to the display devices employing the respective panels of the 
second to fifth embodiments^' * ^ ^ vp»'^<-^ VL^^io 

[0120] Although the seventh embodiment explained the arrangements or the 
like on the assumption of the transmissive type LCD, the similar idea is applicable 
even in a reflective type LCD. In a reflective type LCD, because the devices can be 
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arranged at an underside of the pixel electrodes, more complicated circuit will be 
feasible and advantageous for achieving multi-bit. 

[0121] Also, although the seventh embodiment shows the example to 
implement digital drive due to so-called area tonal level, it may be, for example, in an 
arrangement to make digital drive by time-division drive or an arrangement to make 
digital drive by the combination of area tonal level and time-division drive. In order 
to provide time-division drive, on-off signals may be applied, in synchronism with a 
timing signal repeated with a constant period, to the liquid crystal in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel. 

[0122] As above, according to the seventh embodiment, because the digital 
data to be stored in the frame memory section 5 can be used as it is without analog 
conversion to provide tonal representation, there is no need to use such a circuit as 
DAC. The peripheral circuit can be saved in space and reduced in power 
consumption. , W o^AanAoo^ 

..^Bmbodimeitlr^ X y 

[0123] Incidentally, although the above embodiments explained on the 
assumption of the color display,'the present invention can^ope with a monochromatic 

iLNuus iRL\L Ari'LicAmcrrr^ -^ ^.0^^^^^ 

[0124] As above, according to the)invention||"e £g l£iunG l^aa d^ where 
integral formation is made using TFTs including a peripheral circuit^or example on 
polysilicon, memory cells of the memory cell section in the number capable of storing 
an image signal for display control of at least the dots on one row of the display drive 
section were allocated corresponding to a length in the row direction of the display 
drive section, besides the column decoder section, column selection switch section 
and data line driver section (e.g. the column decoder section, column selection switch 
section, data line driver and memory cell section allocated to have a row length 
smaller than the length in the row direction of the display drive section). Accordingly, 
the memory cells in one row can be efficiently arranged in a space-saved width. 

[0125] Also, according to theunventior^f claUus 3 aud-4^where a display 
drive circuit for display control using, for example, an organic EL element is 
integrally formed including a peripheral circuit on polysilicon, memory cells in the 
number capable of storing an image signal for performing display control of dots in at 
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least one row of the display drive section are allocated corresponding to the length in 
the row direction of the display drive section, besides the column decoder section, 
column selection switch section and data line driver section (e.g. the column decoder 
section, column selection switch section, data line driver section and memory cell 
5 section are allocated to have a length in the row direction thereof equal to or smaller 
than the length in the row direction of the display drive section). Accordingly, the 
memory cells in one row can be efficiently arranged in aspace-saved width. 

[0126] Also, according to the'inventions of claims 5 and where a display 
drive circuit for display control using a liquid crystal is integrally formed including a 

1 0 peripheral circuit, for example, on polysilicon, the memory cells in the number 

capable of storing an image signal for display control of at least the dots on one row of 
the display drive section are allocated corresponding the length in the row direction of 
the display drive section, beside the column decoder section and column section 
switch section (e.g. the column decoder section, column selection switch section and 

1 5 memory cell section are allocated to have a length in the row direction thereof equal to 
or smaller than the length in the row direction of the display drive section). 
Accordingly, the memory cells in one row can be efficiently arranged in a space-saved 
width. Also, because the organic EL elements are DC-driven, an image signal of a 
digital signal can be directly used, eliminating the necessity of providing such a circuit 

20 as DAC, for example. o-P 4V 

[0127] Also, according to theVnventions •€!^:€W^s^:^^:%^here a display 
drive circuit for display control using an organic EL element is integrally formed 
including a peripheral circuit for example on polysilicon, the memory cells of the 
memory cell section in the number capable of storing an image signal for display 

25 control of at least the dots on one row of the display drive section are allocated 

corresponding to the length in the row direction of the display drive section, besides 
the column decoder section and column selection switch section (e.g. the column 
decoder section, colximn selection switch section and memory cell section are 
allocated to have a length in the row direction thereof equal to or smaller than the 

30 length in the row direction of the display drive section). Accordingly, the memory 

cells in one row can be efficiently arranged in a space-saved width. Also, the organic 
EL element is DC-driven, an image signal of a digital signal can be directly used, thus 
eliminating the necessity of using such a circuit as DAC, for example. 



[0128] Also, according to the^ventiom3#c@sS5;^even if structuring 
redundantly in the number of the memory cells in the number capable of storing the 
image signal for display control of the dots on one row of the display drive section, 
they are allocated on the basis of the length in the row direction of the display section 
5 (e.g. to have a length in the row direction equal to or smaller than the length in the 

row direction of the display drive section). Accordingly, the space-saved width can be 
achieved with efficiency. V^i.vUA^ ^ 

[0129] Also, according to the^vention efdninrtO^a word line driver 
section for selecting and driving the word lines provided in the number equal to the 

10 scanning lines is further integrated on and formed integrally with the substrate, and the 
memory cell section is structured by a memory array corresponding to the dot 
arrangement of the display drive section, to store an image signal required for display 
over one screen. Accordingly, external exchange of data amount is decreased, 
achieving reduction in power consumption. 

1 5 [0130] Also, according to the^nv^tion eficfesSF^the scanning line driver 

section and word line driver section is made to select a scanning line and word line to 
be driven on the basis of an address signal. Accordingly, no sequential scanning is 
required, and random selection and drive of the scanning line can be made in 
accordance with the address signal. This is convenient in rewriting display data as 

20 required. ^^W^^^^^ 

[0131] Also, according to theanvention;;3g^^J^Ft^<l)ecause the same lines 
are shared in the scanning line driver section and the word line driver section, it is 
possible to achieve space saving due to simplification of interconnections and 
reduction in circuit area. e^*^'^^^''^^^ 0'^^'+^ 

25 [0132] Also, according to the invention ©%^i»^5^because independent 

address signals are inputted to the scanning line driver section and the word line driver 
section, it is possible to enhance the freedom in storage and display operations. 

[0133] Also, according to the^vention of j^^tn^bi ^scanning line driver 
section operates to select and drive the scanning line on the basis of the address signal 

30 only when a scanning line driver control signal is inputted and the word line driver 
section operates to select and drive the word line on the basis of the address signal 
only when a word line driver control signal is inputted. Accordingly, it is possible to 
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enhance the freedom in selecting a driving way of storage and display operations. 
Due to this, a variety of drive control is feasible depending on the method. 

[0134] Also, according to th^invention Q - Miaga^a^ the column decoder 
section is made to randomly select a memory cell to store an image signal due to the 
address signal. Accordingly, there is no need to write sequentially onto the dots on 
the same scaiming line, and random writing can be made. This is convenient in 
rewriting display data as required. . i - \^o^ 

[0135] Also, according to the^invention-e^^l^iiH^image signals are 
inputted on one-pixel-unit basis, based on an input of which the column decoder 
section selects a memory cell in amount of one pixel as a display-change unit thus 
being convenient. ^l>cA.v^ ^ -He 

[0136] Also, according to the 'invention ^^cigii^iSJ^image signals are 
inputted on a plurality-of-pixel-unit basis, wherein the column decoder section selects 
a memory cell in amount of a plurality of pixels based on an input thereof. 
Accordingly, interconnections may be complicated but drive frequency can be 
decreased thus achieving reduction in power consumption. Also, sufficient operation 
is available if driving with the active element inferior in characteristic to single crystal 
FET. ^^J^ 

[0137] Also, according to theUnvention-^brffefM^the image-signal-input 
interconnection and column selection switch section are formed on a side opposite to 
the display drive section sandwiching the memory cell section. Accordingly, it is 
possible to achieve the reduction in power consumption by decreasing the crossover of 
interconnections and prevent superposition of noise on the display screen due to the 
effects of switching or the like. ^^\^^:^^ -fit 

[0138] Also, according to the ^vention -^ft ^iStA^ a multi-stage structure 
is given in the structure and the formation. Accordingly, even where the memory cell 
cannot be allocated corresponding to the length in the row direction of the display 
drive section because, for example, of increase in the memory cell in amount of one 
dot due to increase in the number of tonal levels, the interconnections can be 
facilitated and space saving be achieved. l^^^^^vJ^ 

[0139] Also, according to the^nvention-ef-efefee-^Q^e structure is made by 
a plurality of rows. Accordingly, where the memory cell caimot be allocated 
corresponding to the length in the row direction of the display drive section because. 
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for example, of increase in the memory cell in amount of one dot due to increase in 
the number of tonal levels, it is possible to suppress the length in the row direction 
despite the length in the column direction broadens. , Jl>^ 



plurality of rows of memory cells can be allocated corresponding to the length in the 
row direction of the display drive section, the memory cells in the number capable of 
storing an image signal for display control of a plurality of rows of dots of the display 
drive section are structured by a memory array allocated corresponding to the length in 
the row direction of the display drive section (e.g. the memory cells allocated to have 
a length in the row direction equal to or smaller than the length in the row direction of 
the display drive section). Accordingly, space saving i$ forther achieved. 



section for controlling timing of transmitting the address signal and a memory 
controller section for controlling to transmit the image signal are further integrated on 
the substrate and integrally formed therewith, to systematically, integrally forming all 
the peripheral circuit required for display control on the same substrate. Accordingly, 
the system entirety can be made at low cost, reliable and g^ace-saved. 

[0142] Also, according to the^invention-eg ^aim 24. a D/A converter is 



provided between the display drive section and the memory cell section to supply the 
image signal converted into an analog signal to the display drive section. 
Accordingly, display can be made by the display drive section compatible with analog 



drive section and the memory cell section are directly coupled together to directly 
supply an image signal comprising a digital signal to the display drive section. 
Accordingly, display can be made by the display drive section compatible with digital 
signals, and consumption power be reduced. 





[0141] Also, according to the^invention-©#«lainr23^ timing controller 




signals. 
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CLAIMS 

1 . A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, to perform display 
control using a liquid crystal by driving said scanning lines and said data lines; 

a scanning line driver section allocated corresponding to a length in a column 
direction of said display drive section, to select and drive said scanning lines; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one rov^ of 
said display drive section and allocated corresponding to the length in a row du^ection 
of said display drive section; 

a column decoder section allocated corresponding to the length in the rov^ 
direction of said display drive section, to select said memory cells for storing an input 
image signal; 

a colunrn selection switch section allocated corresponding to the length in the 
row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cells selected by said column decoder section; and 

a data line driver section allocated corresponding to the length in the row 
direction of said display drive section, to drive said data lines on the basis of the 
image signal stored in said memory cell section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

2. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, to perform display 
control using a liquid crystal by driving said scanning lines and said data lines; 

a scanning line driver section allocated to have a length in a column direction 
equal to or smaller than a length in a row direction of said display drive section, to 
select and drive said scanning lines; 
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a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the unage signal 
and storing the image signal to said memory cells selected by said column decoder 
section; and 

a data line driver section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to drive 
said data lines on the basis of the image signal stored hi said memory cell section, 

integrated on a semiconductor or an insulating substrate and uitegrally formed 
therewith. 

3. A display device, comprising: 

a display drive section having a plurality of scaxming lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum xmits of display 
and active elements provided corresponding to intersections, to emit an organic EL 
elements connected to said active elements by driving said scanning lines and said 
data lines to perform display control; 

a scanning line driver section allocated corresponding to a length in a column 
direction of said display drive section, to select and drive said scanning lines; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated corresponding to the length in the row 
direction of said display drive section; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, to select said memory cells for storing an input 
image signal; 
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a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cells selected by said column decoder section; and 
5 a data line driver section allocated corresponding to the length in the row 

direction of said display drive section to drive said data lines on the basis of the image 
signal stored in said memory cell section, integrated on a semiconductor or an 
insulating substrate and integrally formed therewith. 
4. A display device, comprising: 
1 0 a display drive section having a plurality of scanning lines and a plurality of 

f3 data lines formed in a grating form corresponding to dots as minimum units of display 

m and active elements provided corresponding to intersections, to emit an organic EL 

i7i element connected to said active elements by driving said scanning lines and said data 

1^ lines to perform display control; 

« 1 5 a scanning line driver section allocated to have a length in a column direction 

m equal to or smaller than a length in the colunrn direction of said display drive section, 

to select and drive said scanning lines; 
Q a memory cell section having memory cells that are in the number capable of 

storing an image signal for performing display control of dots in at least one row of 
20 said display drive section and allocated to have a length in a row direction thereof 

equal to or smaller than the length in the row direction of said display drive section; 

a colimm decoder section allocated to have a length in a row direction equal to 

or smaller than the length in the row direction of said display drive section, to select 

said memory cells for storing an input image signal; 
25 a column selection switch section allocated to have a length in a row direction 

equal to or smaller than the length in the row direction of said display drive section, to 

switch on the basis of a selection by said column decoder section and the image signal 

and storing the image signal to said memory cells selected by said colximn decoder 

section; and 

30 a data line driver section allocated to have a length in a row direction equal to 

or smaller than the length in the row direction of said display drive section, to drive 
said data lines on the basis of the image signal stored in said memory cell section, 
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integrated on a semiconductor or an insulating substrate and integrally formed 
therewith, 

5. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
5 line, and a liquid crystal controlled in display by driving the corresponding said 

scanning lines and bit lines and provided on a dot-by-dot basis as minimiun units of 
display control, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
10 the display drive section and allocated corresponding to the length in the row direction 
of said display drive section; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, and to select and memory cells for storing an 
input image signal; and 
15 a column selection switch section allocated corresponding to the length in the 

row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cell selected by said column decoder section, 

integrated on a semiconductor or insulating substrate and integrally formed 
20 therewith. 

6. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and a liquid crystal controlled in display by driving the corresponding scanning 
lines and bit lines and provided on a dot-by-dot basis as minimum units of display 
25 control, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section, 
30 and each of the memory cells being connected to each of the bit lines; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; and 
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a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the image signal 
and storing the image signal to said memory cells selected by said column decoder 
section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

7. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scanning lines and bit lines and provided on a dot-by-dot basis as 
minimum units of control in display, and formed in a matrix form; 

a memory cell section having memory cells that are in the niHnber capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated corresponding to the length in the row 
direction of said display drive section, and each of the memory cells being connected 
to each of the bit lines; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, to select said memory cells storing an input 
image signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cell selected by said column decoder section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

8. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scanning lines and bit lines and provided on a dot-by-dot basis as 
minimum xmits of control in display, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
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said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section 
and each of the memory cells being connected each of the bit lines; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the image signal 
and storing the image signal to said memory cells selected by said column decoder 
section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

9. A display device as claimed in any one of claims 1 to 8, wherein the 
number of said memory cells, which is allocated corresponding to the length in the 
row direction of said display drive section and capable of storing the image signal for 
display control of the dots on one row of said display drive section, is structured 
redundantly. 

10. A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section connects said memory cells in the number capable of storing an 
image signal for display control of the one-row dots to each of word lines in the 
number equal to the number of said scanning lines and is structured with a memory 
array corresponding to dot arrangement of said display drive section, and 

a word line driver section for selecting and driving said word lines are further 
integrated on and integrally formed with said substrate. 

11. A display device as claimed in claim 1 0, wherein, on the basis of an 
address signal representative of a display position and a storage position, said 
scanning line driver section selects said scanning lines and said word line driver 
section selects said word lines. 

12. A display device as claimed in claim 11, wherein the same address signal 
is inputted to said scanning line driver section and said word line driver section. 
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13. A display device as claimed in claim 11, wherein independent address 
signals are inputted to said scanning line driver section and said word line driver 
section. 

14. A display device as claimed in claim 1 1 , wherein said scanning line driver 
section operates to select and drive said scanning lines on the basis of the address 
signal only when a scanning line driver control signal is inputted, and said word line 
driver section operates to select and drive said word lines on the basis of the address 
signal only when a word line driver control signal is inputted. 

15. A display device as claimed in claim 1 1, wherein said colunm decoder 
section selects the memory cell to store an inputted image signal on the basis of the 
address signal. 

16. A display device as claimed in claim 15, wherein one pixel comprises 
three dots provided for developing and displaying red, blue and green as light source 
colors, the image signal is inputted on the basis of a unit of one-pixel , and said 
column decoder section selects the memory cell in an amovmt of one pixel. 

17. A display device as claimed in claim 15, wherein one pixel comprises 
three dots provided for developing and displaying red, blue and green as light source 
colors, the image signal is inputted on the basis of a unit of a plurality of pixels , and 
said column decoder section selects the memory cell in an amoimt of a plurality of 
pixels. 

18. A display device as claimed in any one of claims 1 to 8, wherein an input 
interconnection for the image signal to be stored in said memory cell and said column 
selection switch section are formed on a side opposite to said display drive section 
sandwiching said memory cell section therebetween. 

19. A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section is allocated with the memory cell corresponding to the length in 
the row direction of said display drive section and formed in a multi-stage structure. 

20. A display device as claimed in claim 10, wherein said word lines are 
provided in the number of integer times the number of the scanning lines, and said 
memory cell section is structured by a memory array coimecting , by grouping, the 
memory cells in the number capable of storing the image signal for display control of 
the one-row dots of said display drive section to the word lines in the number of the 
integer times. 
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2L A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section is structured by a memory array having the memory cells that are 
in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated corresponding to the length 
5 in the row direction of said display drive section. 

22. A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section is structured by a memory array having the memory cells that are 
in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated to have a length in the row 

1 0 direction equal to or smaller than the length in the row direction of said display drive 
section. 

23. A display device as claimed in any one of claims 1 1 to 22, further 
comprising: 

a timing controller section for controlling timing of transmitting the address 
15 signal, and 

a memory controller section for controlling to transmit the image signal, 
integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

24. A display device as claimed in any one of claims 1 to 8, wherein a D/A 
20 converter is provided between said display drive section and said memory cell 

sectionfor converting the image signal comprising a digital signal stored in the 
memory cell into an analog signal, followed by supplying to said display drive section. 

25. A display device as claimed in any one of claims 1 to 8, wherein said 
display drive section and said memory cell section are directly coupled to supply the 

25 image signal comprising a digital signal stored in said memory cell section to said 
display drive section. 

26. A display device as claimed in claim 25, wherein said display drive 
section performs digital drive through area tonal level, time-division tonal level or a 
combination thereof. 
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¥e-t )bLaiii a cjis p Uy dcvico taldng into consideration la}^out efficienc;^^ ( ?tr , in . 

the caso of integrally forming a pcriplicidl ciicuiL on a glass isubsti ' atc. 
^J^ii* f''^''" ^ntegratedOTij^^sii^ and integrally formed therewith^an active-matrix 



5 LCD section ^having a plurality of scanning lines and a plurality of data lines formed 
in a grating form corresponding to dots, and active elements according to the 
respective intersections to perform display control usinga liqjiid crystal by driving the 
scanning lines and the data linesia row decoder for selecting the scanning lines, a 
memory cell section ^^having memory cells that are in the number capable of storing 
10 an image signal for display control of dots in at least one row of a display drive 
iO section and allocated corresponding to the length in the row direction of the display 

55 dispW li-J^e ^vrW<r Wi>^3 

Si drive section^ column decoder section S|K>r selecting a memory cell to be stored 

fi- with an inputted image signal, a column selection switch section^ switching on the 

nJ basis of a selection by the column decoder section 5 1 and the image signal and storing 

15 the image signal to the memory cell selected, and a k-bit DAC section 41 for driving a 
data line on the basis of the image signal stored in the memory cell section. 
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SPECIFICATION 
DISPLAY DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to display devices. More particularly, 
the invention relates to a drive circuit or the like to make display on a liquid crystal 
display (LCD: Liquid Crystal Display) or an organic EL display (OELD; Organic 
Electro Luminescent Display). 
BACKGROUND OF THE INVENTION 

[0002] Recently, display devices using liquid crystal (hereinafter, referred to 
as display) are spreading at conspicuous pace. The display of this type is low in 
power consumption and improved in saving space in comparison with a CRT display. 
Accordingly, it is important to make use of the merits of such a display and produce a 
display that is lower in power consumption and improved in saving space. 

[0003] Fig. 11 is a block diagram of a system to implement display through 
a display device with a TFT display. This system is constituted with an image signal 
source 100 and a TFT liquid crystal display panel 101 . The image signal source 100 is 
formed, at least, by a CPU lOOA, a RAM lOOB, a frame memory lOOC and an LCD 
controller lOOD. The CPU lOOA is operation control means to transmit display data 
while exchanging data with the RAM lOOB as a general-purpose memory. This 
memory RAM lOOB is not especially provided only as a display memory, and hence 
requires newly a memory to store data for display. It is the frame memory lOOC. The 
frame memory lOOC temporarily stores display data for one screen of a liquid crystal 
panel 1 OIC (hereinafter, the data for one pixel is given as display data, and each 
binary signal forming the display data is referred to as an image signal). The LCD 
controller lOOD is to implement transmission control or the like of display data, in 
order to display in timing the display data stored in the frame memory lOOC in display 
positions on the liquid crystal panel 101 C. Herein, although for the CRT there is a 
need to transmit the display data through conversion into analog data, the display data 
herein is transmitted by an image signal as digital data on the assumption that the 
interface of the liquid crystal display corresponds to digital data. If the image signal is 
digital data, D/A conversion is not required on the side of the TFT liquid crystal 
display panel 101. 
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[0004] Meanwhile, the TFT liquid crystal display panel 101 is stractured 
with a scanning line driver 101 A, a digital data driver lOlB and a liquid crystal panel 
lOlC. The scanning line driver 101 A controls display in a scanning Une (row) 
direction on the basis of timing data transmitted from the LCD controller 1 OOD. The 
5 digital data driver lOlB can receive and process digital-data image signal. The digital 
data driver 10 IB controls display in a data-line (column) direction on the basis of 
timing data transmitted from the LCD controller lOOD. Thereupon, display tonal 
level is also controlled. The liquid crystal panel lOlC is a panel having TFTs (Thin 
Film Transistors) to make display under the control of the scaiming line driver 101 A 
10 and digital data driver lOlB. 

[0005] In such a system, the LCD controller 1 OOD must transmit to the 
digital data driver 10 IB the display-data image signal for the entire screen temporarily 
stored in the frame memory lOOC. Moreover, transmission timing by progressive 
scanning is fixed. Consequently, there is a need to transmit image signals in timing 
1 5 also for the display data on the pixels not requiring display change. Due to this, there 
is an increase in useless data transmission amount and hence increase in power 
consumption. Thus, reduction of power consimption cannot be achieved. 

[0006] Therefore, it is an object of the present invention to obtain a display 
device of a space-saved design having a structure for achieving consumption-power 
20 reduction and moreover taking into consideration layout efficiency particularly for the 
case of integrally forming the peripheral circuit over a glass substrate. 
DISCLOSURE OF THE INVENTION 

[0007] A display device of the invention of claim 1 comprises: a display 
drive section having a plurality of scanning lines and a plurality of data lines formed 
25 in a grating form corresponding to dots as minimum units of display and active 

elements provided corresponding to intersections, to perform display control using a 
liquid crystal by driving the scanning lines and the data lines; a scanning line driver 
section allocated corresponding to a length in a column direction of the display drive 
section, to select and drive the scanning hues; a memory cell section having memory 
30 cells that are in the number capable of storing an image signal for performing display 
control of dots in at least one row of the display drive section and allocated 
corresponding to the length in the row direction of the display drive section; a column 
decoder section allocated corresponding to the length in the row direction of the 
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display drive section, to select the memory cells for storing an input image signal; a 
column selection switch section allocated corresponding to the length in the row 
direction of the display drive section to switch on the basis of a selection by the 
column decoder section and the image signal and storing the image signal to the 
5 memory cells selected by the column decoder section; and a data line driver section 
allocated corresponding to the length in the row direction of the display drive section 
to drive the data lines on the basis of the image signal stored in the memory cell 
section, integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

p 1 0 [0008] In this invention, where integral formation is made using polysilicon 

M TFTs including a peripheral circuit on an insulating substrate, for example, of a glass 

2 substrate, or a quartz substrate , memory cells of the memory cell section are allocated 

y J in the number capable of storing an image signal for display control of at least the dots 

j^j on one row of the display drive section corresponding to a length in a row direction of 

1 5 the display drive section in order to achieve space saving, besides the colxxmn decoder 
section, column select svntch section and data line driver section. 
m [0009] It is noted that the points "allocated corresponding to a length in a 

column direction" and "allocated corresponding to a row direction" mean that, for 
example, in the memory cell section, the length in the row direction thereof 
20 corresponds to a length in the row direction of the display drive section. More 

specifically, this means "the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive section", as limited in the invention of 
claim 2. The meaning of "equal to or smaller than" is either that the both are equal or 
that the former is small as compared to the latter. In the invention, however, for 
25 example the length in the row direction of the memory cell section may be 

satisfactorily somewhat greater (e.g. about several %) than the length in the row 
direction of the display drive section. 

[0010] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
30 occurrence of a useless space on the substrate due to non-correspondence of the 

dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
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section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0011] A display device of the invention of claim 2 comprises: a display 
5 drive section having a plurality of scanning lines and a pliirality of data Unes formed 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to perform display control using a 
liquid crystal by driving the scanning lines and the data Unes; a scanning line driver 
section allocated to have a length in a column direction equal to or smaller than a 

10 length in a colunrn direction of the display drive section, to select and drive the 

scanning lines; a memory cell section having memory cells that are in the number 
capable of storing an image signal for performing display control of dots in at least 
one row of the display drive section and allocated to have a length in a row direction 
thereof equal to or smaller than the length in the row direction of the display drive 

1 5 section; a column decoder section allocated to have a length in a row direction equal 
to or smaller than the length in the row dnection of the display drive section, to select 
the memory cells for storing an input image signal; a column selection switch section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to switch on the basis of a selection by the 

20 column decoder section and the image signal and storing the image signal to the 

memory cells selected by the column decoder section; and a data line driver section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to drive the data lines on the basis of the 
image signal stored in the memory cell section, integrated on a semiconductor or an 

25 insulating substrate and integrally formed therewith. 

[0012] In this invention, where integral formation is made using polysilicon 
TFTs including a peripheral circuit on an insulating substrate for example, of a glass 
substrate, or a quartz substrate , memory cells of the memory cell section are allocated 
in the number capable of storing an image signal for display control of at least the dots 

30 on one row of the display drive section to have a length in the row direction thereof 
equal to or smaller than the length in the row direction of the display drive section in 
order to achieve space saving, besides the column decoder section, column selection 
switch section and data line driver section. 



5 

[0013] A display device of the invention of claim 3 comprises: a display 
drive section having a plurality of scanning hnes and a plurality of data lines formed 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to mtersections, to emit an organic EL element 
5 connected to the active elements by driving the scanning lines and the data lines to 
perform display control; a scanning Une driver section allocated corresponding to a 
length in a column direction of the display drive section, to select and drive the 
scanning line; a memory cell section having memory cells that are in the number 
capable of storing an image signal for performing display control of dots in at least 
10 one row of the display drive section and allocated corresponding to the length in the 
row direction of the display drive section; a column decoder section allocated 
corresponding to the length in the row direction of said display drive section, to select 
the memory cells for storing an input image signal; a column selection switch section 
allocated corresponding to the length in the row direction of the display drive section 
1 5 to switch on the basis of a selection by the column decoder section and the image 
signal and storing the image signal to the memory cells selected by the column 
decoder section; and a data Une driver section allocated corresponding to the length in 
the row direction of the display drive section, to drive the data lines on the basis of the 
image signal stored in the memory cell section, integrated on a semiconductor or an 
20 insulating substrate and integrally form therewith. 

[0014] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed, for 
example, on polysilicon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
25 one row of the display drive section corresponding to a length in a row direction of the 
display drive section. 

[0015] It is noted that the points "allocated corresponding to a length in a 
column direction" and "allocated corresponding to a row direction" mean that, for 
example, in the memory cell section, the length in the row direction thereof 
30 corresponds to a length in the row direction of the display drive section. More 

specifically, this means "the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive section", as limited in the invention of 
claim 4. The meanmg of "equal to or smaller than" is either that the both are equal or 
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that the former is small as compared to the latter. In the invention, however, for 
example, the length in the row direction of the memory cell section may be 
satisfactorily somewhat greater (e.g. about several %) than the length in the row 
direction of the display drive section. 
5 [0016] In brief, for the memory cell section, for example, it is satisfactory, 

where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occxjrrence of a useless space is meant, for example, to cause a comparatively 

10 broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0017] A display device of the invention of claim 4 comprises: a display 

15 drive section having a plurality of scanning lines and a pluraHty of data Unes formed 
in a grating form corresponding to dots as minimum units of display and active 
elements provided corresponding to intersections, to emit an organic EL element 
connected to the active elements by driving the scanning lines and the data lines to 
perform display control; a scanning line driver section allocated to have a length in a 

20 column direction equal to or smaller than a length in a row direction of the display 
drive section, to select and drive the scanning lines; a memory cell section having 
memory cells that are in the nimiber capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated to 
have a length in a row direction thereof equal to or smaller than the length in the row 

25 direction of the display drive section; a column decoder section allocated to have a 

length in a row direction equal to or smaller than the length in the row direction of the 
display drive section, to select the memory cells for storing an input image signal; a 
colunrn selection switch section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of the display drive section, to switch 

30 on the basis of a selection by the column decoder section and the image signal and 
storing the image signal to the memory cells selected by the column decoder section; 
and a data line driver section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to drive the 
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data lines on the basis of the image signal stored in the memory cell section, integrated 
on a semiconductor or an insulating substrate and integrally formed therewith. 

[0018] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed, for 
5 example, on polysilicon, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section, in order to 
achieve space saving, besides the column decoder section, column selection switch 

10 section and data line driver section. 

[0019] A display device of the invention of claim 5 comprises: a display 
drive section having a plurality of scanning lines and a plurality of bit line, and a 
liquid crystal controlled in display by driving the corresponding ones of the scanning 
lines and bit lines and provided on a dot-by-dot basis as minimum units of display 

1 5 control, and formed in a matrix form; a memory cell section having memory cells that 
are in the number capable of storing an image signal for performing display control of 
dots in at least one row of the display drive section and allocated corresponding to the 
length in the row direction of the display drive section; a column decoder section 
allocated corresponding to the length in the row direction of the display drive section, 

20 to select the memory cells for storing an input image signal; and a column selection 

switch section allocated corresponding to the length in the row direction of the display 
drive section, to switch on the basis of a selection by the column decoder section and 
the image signal and storing the image signal to the memory cell selected by the 
column decoder section, integrated on a semiconductor or an insulating substrate and 

25 integrally formed therewith. 

[0020] In this invention, where the display drive circuit for display control 
using a liquid crystal including a peripheral circuit is integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 

30 one row of the display drive section corresponding to a length in a row direction of the 
display drive section in order to achieve space saving, besides the column decoder 
section and column selection switch section. 
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[0021] It is noted that the point "allocated corresponding to a row direction" 
means that, for example, in the memory cell section, the length in the row direction 
thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this means "the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive section", as Umited in the invention of 
clahn 6. The meaning of "equal to or smaller than" is either that the both are equal or 
the that former is smaller compared to the latter. Li the invention, however, for 
example, the length in the row direction of the memory cell section may be 
satisfactorily somewhat greater (e.g. about several %) than the length in the row 
direction of the display drive section. 

[0022] In brief, for the memory cell section, for example, it is satisfactory, 
where integrating it together with the display drive section on a substrate, to avoid the 
occurrence of a useless space on the substrate due to non-correspondence of the 
dimensions of the memory cell section to the dimensions of the display drive section. 
The occurrence of a useless space is meant, for example, to cause a comparatively 
broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0023] A display device of the invention of claim 6 comprise: a display 
drive section having a plurality of scanning lines and a plurality of bit lines, and a 
liquid crystal controlled in display by driving the corresponding ones of the scanning 
lines and bit lines and provided on a dot-by-dot basis as minimum units of display 
control, and formed in a matrix form; a memory cell section having memory cells that 
are in the number capable of storing an image signal for performing display control of 
dots in at least one row of the display drive section and allocated to have a length in a 
row direction thereof equal to or smaller than the length in the row direction of the 
display drive section, and each of the memory cells being connected to each of the bit 
lines; a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of the display drive section, to select the 
memory cells for string aa input image signal; and a column selection switch section 
allocated to have a length in a row direction equal to or smaller than the length in the 
row direction of the display drive section, to switch on the basis of a selection by the 
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column decoder section and the image signal and storing the image signal to the 
memory cells selected by the column decoder section, integrated on a semiconductor 
or an insulating substrate and integrally formed therewith. 

[0024] In this invention, where the display drive circuit for display control 
5 using a liquid crystal including a peripheral circuit is integrally formed by using 
polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section in order to 

f i 10 achieve space saving, besides the column decoder section and column selection switch 

m section. 

^^ j; [0025] A display device of the invention of claim 7 comprises: a display 

hi drive section having a plurality of scaiming lines and a plurality of bit lines, and 

iij organic EL elements to be controlled in luminescent display by driving the 

L. 15 corresponding ones of the scanning lines and bit lines and provided on a dot-by-dot 

y 1 basis as minimum imits of control in display, and formed in a matrix form; a memory 

m cell section having memory cells that are in the number capable of storing an image 

signal for performing display control of dots in at least one row of the display drive 
section and allocated corresponding to the length in the row direction of said display 
20 drive section, and each memory cell being connected to each of the bit lines; a column 
decoder section allocated corresponding to the length in the row direction of the 
display drive section to select the memory cells for storing an input image signal; and 
a column selection switch section allocated corresponding to the length in the row 
direction of the display drive section to switch on the basis of a selection by the 
25 column decoder section and the image signal and storing the image signal to the 

memory cell selected by the column decoder section, integrated on a semiconductor or 
an insulating substrate and integrally formed therewith. 

[0026] In this invention, where the display drive circuit for display control 
using an organic EL element including a peripheral circuit is integrally formed by 
30 using polysilicon TFTs, memory cells of the memory cell section are allocated in the 
number capable of storing an image signal for display control of at least the dots on 
one row of the display drive section corresponding to a length in a row direction of the 
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display drive section in order to achieve space saving, besides the column decoder 
section and column selection switch section. 

[0027] It is noted that the point "allocated corresponding to a row direction" 
means that, for example in the memory cell section, the length in the row direction 
5 thereof corresponds to a length in the row direction of the display drive section. More 
specifically, this means "the length in the row direction is equal to or smaller than the 
length in the row direction of the display drive section", as limited in the invention of 
claim 8. The meaning of "equal to or smaller than" is either that the both are equal or 
that the former is smaller compared to the latter. In the invention, however, for 
W 1 0 example, the length in the row direction of the memory cell section may satisfactorily 

5 somewhat greater (e.g. about several %) than the length in the row direction of the 

yj display drive section. 

pi [0028] In brief; for the memory cell section for example, it is satisfactory, 

where integrating it together with the display drive section on a substrate, to avoid the 

O 1 5 occurrence of a useless space on the substrate due to non-correspondence of the 

U dimensions of the memory cell section to the dimensions of the display drive section. 

% The occurrence of a useless space is meant, for example, to cause a comparatively 

broad space that no circuit is provided on the substrate in an area of the display drive 
section along a row-direction-side end because the length in the row direction of the 
20 memory cell section is largely longer than the length in the row direction of the 
display drive section. 

[0029] A display device of the invention of claim 8 comprises: a display drive 
section having a pluraUty of scanning lines and a plurality of bit line, and organic EL 
elements to be controlled in luminescent display by driving the corresponding ones of 
25 the scanning lines and bit lines and provided on a dot-by-dot basis as minimum units 
of control in display, and formed in a matrix form; a memory cell section having 
memory cells that are in the number capable of storing an image signal for performing 
display control of dots in at least one row of the display drive section and allocated to 
have a length in a row direction thereof equal to or smaller than the length in the row 
30 direction of the display drive section, and each of the memory cells being connected to 
each of the bit lines; a column decoder section allocated to have a length in a row 
direction equal to or smaller than the length in the row direction of the display drive 
section, to select the memory cells for storing an input image signal; and a column 
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selection switch section allocated to have a length in a row direction equal to or 
smaller than the length in the row direction of the display drive section, to switch on 
the basis of a selection by the column decoder section and the image signal and 
storing the image signal to the memory cells selected by the column decoder section, 
5 integrated on a semiconductor or insulating substrate and integrally formed therewith. 

[0030] In this invention, where the display drive circuit for display control 
using an organic EL element is integrally formed including a peripheral circuit, by 
using polysilicon TFTs, memory cells of the memory cell section in the number 
capable of storing an image signal for display control of at least the dots on one row of 
10 the display drive section are allocated to have a length in a row direction thereof equal 
to or smaller than a length in the row direction of the display drive section in order to 
achieve space saving, besides the column decoder section, and column selection 
switch section. 

[0031] A display device of the invention of claim 9 structures redundant in the 
1 5 number of the memory cells allocated corresponding to the length in the row direction 
of the display drive section and in the number capable of storing the image signal for 
display control of the dots on one row of the display drive section. 

[0032] In this invention, even if structuring redxxndantly in the number of the 
memory cells in the number capable of storing the image signal for display control of 
20 the dots on one row of the display drive section, they are allocated on the basis of the 
length in the row direction of the display drive section (e.g. to have a length in the row 
direction equal to or smaller than the length in the row direction of the display drive 
section). 

[0033] A display device of the invention of claim 10 is that the memory cell 
25 section connects the memory cells in the number capable of storing an image signal 
for display control of the one-row dots to each of the word lines in the number equal 
to the number of the scanning lines and is structured with a memory array 
corresponding to dot arrangement of the display drive section, and a word line driver 
section for selecting and driving the word lines are further integrated on and integrally 
30 formed with the substrate. 

[0034] In this invention, the memory cell section is structured by a memory 
array corresponding to the dot arrangement of the display drive section to store an 
image signal required for displaying one screen thereby providing a structure capable 
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of reducing data amount externally exchanged and achieving reduction in power 
consumption. Also, in order to store due to the array structure, on the substrate is 
integrated and integrally formed therewith a word line driver section to select and 
drive the word lines provided equal in the number to the scanning lines. 

[0035] A display device of the invention of claim 1 1 is that, on the basis of an 
address signal representative of a display position and a storage position, the scanning 
line driver section selects the scanning lines and the word line driver section selects 
the word lines. 

[0036] In this invention, a scanning line and a word line can be selected 
randomly by an address signal to secure the freedom in storage or display with respect 
to the column direction. 

[0037] A display device of the invention of claim 12, is that the same address 
signal is inputted to the scanning line driver section and the word line driver section. 

[0038] In this invention, in order to simplify the interconnections, the same 
lines can be shared by the scanning line driver section and the word line driver 
section. Consequently, the same address signal can be inputted in the same timing. 

[0039] A display device of the invention of claim 13 is that independent 
address signals are inputted to the scanning line driver section and the word line driver 
section. 

[0040] In this invention, in order to enhance the freedom in storage and 
display operations, independent address signals are inputted to the scanning line driver 
section and the word line driver section, e.g. operation timing can be made different. 

[0041] A display device of the invention of claim 14 is that the scanning line 
driver section operates to select and drive the scanning lines on the basis of the 
address signal only when a scanning line driver control signal is inputted, and the 
word line driver section operates to select and drive the word lines on the basis of the 
address signal only when a word line driver control signal is inputted. 

[0042] In this invention, in order to simplify the interconnections while 
enhancing the freedom of storage and display operations, the scaiming line driver 
section can perform selection and driving operations of a scanning lines on the basis 
of an address signal only when a scanning line driver control signal is inputted and the 
word line driver section perform selection and driving operations of a word line on the 
basis of the address signal only when a word line driver control signal is inputted. 
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[0043] A display device of the invention of claim 15 is that the column 
decoder section selects the memory cell to store an inputted image signal on the basis 
of the address signal. 

[0044] In this invention, the column decoder section can select randomly a 
memory cell to store an image signal due to the address signal and secure the freedom 
in storage and display with respect to the row direction. 

[0045] A display device of the invention of claim 16 is that one pixel 
comprises three dots provided for developing and displaying red, blue and green as 
light source colors, the image signal being input on the basis of a unit of one-pixel , 
and the column decoder section selects the memory cell in an amoxmt of one pixel. 

[0046] In this invention, where the display device performs color displays, the 
three dots provided for displaying the colors of red, blue and green as light source 
colors are taken as one pixel to input an image signal on the basis of a unit of one- 
pixel as a display change unit. The column decoder section selects memory cells in 
an amoimt of the one pixel on the basis of that input. 

[0047] A display device of the invention of claim 17 is that one pixel 
comprises three dots provided for developing and displaying red, blue and green as 
light source colors, the image signal being input on the basis of a unit of a plurality of 
pixels 5 and the column decoder section selects the memory cells in an amount of the 
plurality of pixels. 

[0048] In this invention, where the display device performs color displays, in 
order to decrease the drive frequency, the three dots provided for displaying the colors 
of red, blue and green as light source colors are taken as one pixel to input an image 
signal on the basis of a unit of a plurality of pixels. The column decoder section 
selects memory cells in an amount of the plurality of pixels on the basis of that input. 

[0049] A display device of the invention of claim 18 is that an input 
interconnection for the image signal to be stored in the memory cell and the column 
selection switch section are formed on a side opposite to the display drive section 
sandwiching the memory cell section. 

[0050] In this invention, crossover of interconnections is decreased to improve 
reduction in consumption power. Also, in order to prevent noise superposition due to 
the effect of switching or the like, the image-signal input interconnections and the 
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column selection switch section are formed on a side opposite to the display drive 
section sandwiching the memory cell section. 

[0051] A display device of the invention of claim 19 is that the memory cell 
section is allocated with the memory cell corresponding to the length in the row 
direction of the display drive section and formed in a multi-stage structure. 

[0052] hi this invention, where the memory cell camot be allocated 
corresponding to the length in the row direction of the display drive section by the 
increase of the memory cell in amount of one dot for example due to increase in the 
number of tonal levels, the structure and the formation is made by providing multi- 
stages. 

[0053] A display device of the invention of claim 20 is that the word lines are 
provided in the number of integer times the number of the scanning lines, and the 
memory cell section structured by a memory array connecting, by grouping, the 
memory cells in the number capable of storing the image signal for display control of 
the one-row dots of the display drive section to the word lines in the number of the 
integer times. 

[0054] In this invention, where the memory cell cannot be allocated 
corresponding to the length in the row direction of the display drive section, for 
example, by memory-cell increase for one dot due to the increase of tonal levels, the 
structure and the formation is made by providing a plurality of rows. 

[0055] A display device of the invention of claim 21 is that the memory cell 
section is structured by a memory array having the memory cells that are in the 
number capable of storing the image signal for display control of a plxirality of rows of 
the dots of the display drive section and allocated corresponding to the length in the 
row direction of the display drive section. 

[0056] In this invention, where a plurality of rows of memory cells are 
allocated corresponding to the length in the row direction of the display drive section, 
in order to save space, the memory cells in the number capable of storing an image 
signal for display control of a plurality of rows of dots of the display drive section are 
structured by a memory array assigned corresponding to the length in the row 
direction of the display drive section. 

[0057] A display device of the invention of claim 22 is that the memory cell 
section is structured by a memory array having the memory cells that are in the 
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number capable of storing the image signal for display control of a plurality of rows of 
the dots of the display drive section and allocated to have a length in the row direction 
equal to or smaller than the length in the row direction of the display drive section. 
[0058] In this invention, where a plurality of rows of memory cells are 
5 allocated corresponding to the length in the row direction of the display drive section, 
in order to save space, the memory cells in the number capable of storing an image 
signal for display control of a plurality of rows of dots of the display drive section are 
structured by a memory array assigned to have a length in the row direction thereof 
equal to or smaller than the length in the row direction of the display drive section. 

10 [0059] A display device of the invention of claim 23 further comprises a 

timing controller section for controlling timing of transmitting the address signal, and 
a memory controller section for controlling to transmit the image signal, integrated on 
a semiconductor or an insulating substrate and integrally formed therewith. 

[0060] In this mvention, the peripheral circuits required for controlUng display 

1 5 are all integrally formed systematically on the same substrate. 

[0061] A display device of the invention of claim 24 is that a D/A converter is 
provided between the display drive section and the memory cell section, thereby 
converting the image signal comprising a digital signal stored in the memory cell into 
an analog signal, followed by supplying to the display drive section. 

20 [0062] In this invention, in order to display in an analog-compatible display 

drive section, a D/A converter is provided between the display drive section and the 
memory cell section. In the D/A converter, the image signal after converting into an 
analog signal is supplied to the display drive section. 

[0063] A display device of the invention of claim 25 is that the display drive 

25 section and the memory cell section are directly coupled to supply the image signal 
comprising a digital signal stored in the memory cell section to the display drive 
section. 

[0064] In this invention, display is made in the display drive section 
compatible with digital signals. No D/A converter or the like is provided between the 
30 display drive section and the memory cell section. The image signal remained in the 
digital signal is supplied to the display drive section. 
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[0065] A display device of the invention of claim 26 is that the display drive 
section performs digital drive through area tonal level, tune-division tonal level or a 
combination thereof 

[0066] In this invention, the display drive section compatible with digital 
signals makes display through area tonal level, time-division tonal level or a 
combination of the both. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] Fig. 1 is a block diagram representing a concept of a system including a 
display device according to a first embodiment of the present invention. 

Fig. 2 is a diagram representing in detail a panel 1 . 

Fig, 3 is a diagram representing in detail a panel 1 A according to a second 
embodiment of the invention. 

Fig. 4 is a diagram representing in detail a panel IB according to a third 
embodiment of the invention. 

Fig. 5 is a diagram representing in detail a panel IC according to a fourth 
embodiment of the invention. 

Fig. 6 is a diagram representing in detail a panel ID according to a fifth 
embodiment of the invention. 

Fig. 7 is a diagram representing in detail a panel IE according to a sixth 
embodiment of the invention. 

Fig. 8 is a diagram showing a circuit arrangement of an active-matrix OEL 
section 8. 

Fig. 9 is a diagram representing in detail a panel IF according to a seventh 
embodiment of the invention. 

Fig. 10 is a diagram showing a circuit arrangement of an active-matrix LCD 
section 2A. 

Fig. 1 1 is a block diagram of a system for display through a display device by a 
TFT display. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiment 1 

[0068] Fig, 1 is a block diagram showing a concept of a system including a 
display device according to Embodiment 1 of the present invention. Fig. 1 represents 
a concept called system-on-panel (SOP). SOP is the concept to form a peripheral 
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circuit for display or the like over a glass substrate, and moreover to integrally form 
TFTs or the like together with the peripheral circuit by the use of poly-silicon or the 
like without using chips of ICs or the Uke. Due to this, the panel can be directly 
coupled to the CPU while achieving low cost, high reliability and space saving. 
5 [0069] In Fig. 1, an image signal source 1 10 is configured by a CPU 11 OA to 

transmit display data. Herein, the display data is transmitted with image signals as 
digital data, similarly to the conventional configuration shown in Fig. 1 1 . If the image 
signal is digital data, D/A conversion is not required on the side of a panel 1, 
correspondingly achieving the reduction in size and power consumption. Meanwhile, 
2^ 10 the panel 1 is configured with an active-matrix LCD section 2, a scanning line driver 

ij 3, a digital data driver 4, a frame memory section 5, a memory controller 6 and a 

05 timing controller 7. The active-matrix LCD section 2 corresponds to a display drive 

ii J section in the present invention. 

" [0070] Fig, 2 is a figure representative in detail of the panel 1 . The active- 

CJ 1 5 matrix LCD section 2 is a part for actual display by use of active elements of TFTs, 

l^h diodes or the like. The active-matrix LCD section 2 is arrayed with pixels in the 

SS number of i x j. Because the present embodiment assumes a color display, three dots 

(termed also as sub-pixels) of R (Red), G(green) and B(Blue) as light-source colors 
are constituted as one pixel. For a monochromatic display, the pixel equals to the dot. 
20 The dot areas include data lines, scanning lines and active elements (e.g. switching 

elements by transistors, diodes or the like) arranged corresponding to the intersections 
of them. The active elements respectively have pixel electrodes to form a capacitance 
through a liquid crystal to a counter electrode. The voltage applied between the pixel 
electrode and the counter electrode controls the optical rotatory power due to liquid- 
25 crystal molecules, making display control on each dot. Moreover, even if the active 
element turns off the switch, the pixel electrode can sustain its displaying state owing 
to the storage charge before refireshing (display data rewriting) in the next time. The 
switch operation to the active elements and control of the charge supply to the pixel 
electrodes are implemented by driving a data line and scanning line (supplying 
30 current). 

[0071] It is a scanning Hne driver 3 that controls to drive a scanning line. The 
scanning line driver 3 is formed by a row decoder 3 1 and a scanning line drive buffer 
32. The row decoder 3 1 selects a scanning line to be driven on the basis of address 
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data inputted. The scanning line drive buffer 32 actually drives the scanning line 
selected by a column decoder 3 1 . 

[0072] Meanwhile, it is a digital data driver 4 that controls to drive a data line. 
The digital data driver 4 is formed by a k-bit DAC section 41 as a D/A converter. 

5 Herein, a frame memory section 5 will be explained before explaining the operation of 
the k-bit DAC section 41. 

[0073] The frame memory section 5 is configwed by a column decoder 51, an 
input control circuit 52, a column selection switch section 53, a memory row decoder 
54, a word driver 55, a memory cell section 56 and a sense amplifier section 57. The 

1 0 column decoder 5 1 selects one pixel out of one row (line) of pixels (in the number of 
j) on the basis of input address data. This ultimately resuhs in selection of a to-be- 
driven data line. The input control circuit 52 is a circuit to control an image signal (k 
X 3) in one-pixel amoimt transmitted in parallel from the memory controller 6. The 
column selection switch section 53 is provided in the number of pixels on one line 

15 (i.e. k X 3 X j) with reference to one-pixel image signal (k x 3) as a unit. Each column 
selection switch performs switchmg on the basis of column decoder 51 selection and 
image signal, driving a bit line. Herein, the input control circuit 52 and column 
selection switch section 53 is arranged on a side opposite to the active-matrix LCD 
section 2 while sandwiching the memory cell section 56. This reduces 

20 interconnection crossing over, thus achieving simplification and consumption-power 
reduction. Moreover, by the operation of the input control circuit 52 and column 
selection switch section 53, no noise will be interposed over the analog-driven LCD 2. 
Thus, noise reduction in display can be achieved. 

[0074] The memory row decoder 54 selects a word line on the basis of input 

25 address data, in order to store to a deshed memory cell of the memory cell section 56 
forming the memory array, as described later. The word driver 55 actually drives a 
word line selected by the memory row decoder 54. Consequently, the image signal is 
stored as the pixel display data to the memory cells in the number of k x 3 that are 
connected to the word line selected by the memory row decoder 54 and corresponding 

30 to the pixels selected by the colunrn decoder 51 . 

[0075] Meanwhile, the memory cell section 56 has memory cells in the 
number of k x 3 x i x j to constitute a memory array of i-lines x k x 3 x j-columns. 
This number of memory cells is the number required for each dot of R, G or B of the 
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display having a screen of i x j pixels to make display with brightness in a tonal level 
of 2k. In Fig. 2, k = 3 is given to enable setting with eight tonal-levels of brightness. 
This number of memory cells is the number of memory cells required, at least, to store 
an image signal in amount of one screen. For example, in some circuits, a circuit 
5 configuration is given with redundant memory cells for the necessity of securing 
operation stability. 

[0076] Herein, space saving will be achieved to a greater extent as the size of 
the glass substrate become equal to the size of the active-matrix LCD section 2 as an 
actual display part. That is, if the memory cells are arranged such that the length of 

10 the memory cell section 56 in the row direction is equal to or smaller than the length 
of the active-matrix LCD section 2 in the row dhection, the memory cells in one 
column can be arranged most efficiently with a saved space width. Consequently, 
because the length of memory-cell arrangement in the row direction required to 
control 1-dot display is equal to or smaller than a pitch of dots, the length of the entire 

1 5 frame memory section 5 in the row direction is given equal to or smaller than the 

length of the active-matrix LCD section 2 in the row direction. Accordingly, design is 
made in Fig. 2 such that the length in the row direction of k-bit memory cell 
arrangement equals to each pitch of dots. Each sense amplifier (or selection switch) 
of the sense amplifier section 57 and each k-bit DAC of the k-bit DAC section 41 are 

20 also designed based upon each pitch of dots. 

[0077] Also, the number of rows of the memory array is made equal to the 
number of scanning hues i so that the memory frame section 5 can store display data 
in amount of 1 screen. Consequently, it is possible to carry out storage with 
correspondence between a display-positioned pixel and a memory cell provided on a 

25 dot-by-dot basis. In order to achieve only space saving, it is satisfactory to have at 

least one row of memory cells without the especial necessity of constituting a memory 
array having the number of rows equal to the number of scanning lines. However, in 
order to reduce the data transmission amoimt over the system overall and low power 
consumption, memory cells are required in amount enough to store display data in 

30 amoimt of 1 screen with correspondence. Accordingly, an image signal in amovmt of 
display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 lOA. If no rewriting is made, the digital data driver 4 satisfactorily deals with the 
image-signal data stored in the memory cell section 56 as it is. 
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[0078] Each sense amplifier constituting the sense amplifier section 57 is 
connected on column (bit line)-by-column basis. Herein, the use of the sense 
amplifier is for the case each memory cell of the memory cell section 56 is configured 
by a dynamic memory. In the case of configuration with a static memory, selection 
switches are used in configuration instead of sense amplifiers. 

[0079] The k-bit DAC section 41 constituting the digital data driver 4 is 
configured by k-bit DACs in the number of 3 x j. Each k-bit DAC is inputted with 
digital data based on the image signal stored on certain memory cells in the number of 
k through the bit lines in the number of k. The k-bit DAC converts the data-based 
value into a tonal level, depending upon which tonal level a data line is driven. In the 
LCD, altemating-current drive is required for the purpose of extendmg the life of 
liquid crystal. Accordingly, digital data cannot be used as it is but must be analog- 
converted. In this manner, display control is made, on the basis of display data, on the 
dot at an intersection of a driven scanning line and a data line. 

[0080] Herein, the digital data driver 4 and the fi-ame memory section 5 of 
the invention are directly coupled (integrated) to drive-operate the data Une by the 
direct use of stored digital data. Accordingly, for convenience (in relation to Fig. 1), 
the digital data driver 4 is configured by the k-bit DAC section 41, and the fi-ame 
memory section 5 is configured by the column decoder 51, the input control circuit 52, 
the column selection switch section 53, the memory row decoder 54, the word driver 
55, the memory cell section 56 and the sense amphfier section 57. However, actually 
such distinction caimot be exactly made if considering the operational relationship 
between the digital data driver and the frame memory in the conventional use. 

[0081] The memory controller 6 controls as k x 3 image signals in order to 
store the display data transmitted from the CPU 1 lOA into the frame memory section 
5. Also, the timing controller 7 has at least an address buffer 71 and transmit an 
address signal to the row decoder 31, column decoder 51 and memory row decoder 54 
in order to store or display the display data transmitted from the CPU 1 IDA. 

[0082] In the case of configuring the memory by chips or the like, it is 
problematic in what way fine provision can be made within the chip and layout be 
given by taking interconnection, etc into consideration. Where the peripheral circuit 
such as the memory on a glass substrate, conception differs from that. It is the active- 
matrix LCD section 2 as an actual display part that occupies over the greatest area on 
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the glass substrate. Moreover, the pitch of pixels (ultimately the entire size) is fixed. 
Consequently, it is the problem that the system, such as peripheral circuits, is laid out 
with efficiency in accordance with the size. Although the memory cells can be 
lessened if considering space saving without considering consumption power, the 

5 reduction of consumption power requires memory cells for storing data in amount of 
one screen. Therefore, the present embodiment aims at presenting the most efficient 
layout on the basis of estabUshing a peripheral circuit in order for reducing 
consumption power. 

[0083] Next, explanation will be made on the operation of display on the 

1 0 basis of Fig. 2. The CPU 1 lOA transmits display data where to provide change in 
display. Consequently, where the image does not change, no display data is 
transmitted. When changing the display, an address signal is transmitted 
representative of a point (pixel) to be changed in display. Also, a display-data image 
signal is transmitted. Herein, the frame memory section 5 is provided with word lines 

1 5 corresponding in the number to scanning lines, to enable to store display data (image 
signal) in amount of one screen corresponding to the respective dots. Moreover, the 
row decoder 3 1 and the memory row decoder 54 are provided to enable selection of a 
scanning line and word Kne. Accordingly, a scanning line can be selected and driven 
randomly according to an address signal without requiring sequential scanning, which 

20 is convenient for rewriting display data as required. Also, in order to achieve space 
saving by simplifying the interconnections and reducing the circuit area, the same 
address signal is inputted to the row decoder 31 and the memory row decoder 54, 
respectively causing the corresponding sections to store and display in the same 
timing. As for the colxmm decoder 51, random pixel selection can be made according 

25 to an address signal, random writing can be made without the necessity of sequential 
writing to the pixels (dots) on the same scanning line. 

[0084] In the case of not providing change in display, the digital data of the 
image signal stored in the frame memory section 5 is used as it is for making display, 
wherein no data transmission and reception is made to and from the CPU 1 lOA. 

30 However, because the LCD requires altemating-current drive, there is a need of drive 
using pixel-inversion drive while refreshing at least at a required minimum frequency. 
This control is made with the scanning line driver 3 and the digital data driver 4. If 
the frequency is lowered, consumption-power reduction can be made but flicker 
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occurs due to punch-through voltage or the Uke. Therefore, in order to make flicker 
not conspicuous while reducing power consumption, the state of display is maintained 
with refreshing at a frequency, for example, of 30 Hz for still images (liquid crystal 
driven at 15 Hz). 

[0085] As concerned with the frame memory section 5, if the memory cells 
are constituted by static memories, there is no need to rewrite data (refresh). 
However, if constituted by dynamic memories, there is a necessity of refreshing in 
such timing as can hold the storage. 

[0086] As above, according to the first embodiment, where a system 
including not only a display part but also peripheral circuit on a substrate as in SOP is 
integrally formed on a substrate, in the memory cell section 56 of the frame memory 
section 5, memory cells are formed to be arranged such that the length in the row 
direction of arrangement of memory cells with an amount required for controlling 
one-dot display is equal to or smaller than a pitch of dots, i.e., the length in the row 
direction of the memory cell section 56 is equal to or smaller than the length in the 
row direction of the active-matrix LCD section 2. Accordmgly, it is possible to 
arrange memory cells in amount of one row with saved space width. 

[0087] Also, this is similarly made for the sense amplifier section 57 and k- 
bit DAC section 41, achieving space saving. 

[0088] Also, the number of rows of the memory array is given the same as 
the number of scanning lines (i) to enable the frame memory section 5 to store display 
data (image signal) in amount of one screen. Accordingly, it is possible to store data 
in amount of one screen with correspondence between the pixel in each position and 
the memory cell of the memory cell section 56. The image signal only in amount of 
display data for a to-be-rewritten pixel is satisfactorily transmitted from the CPU 
1 lOA. Accordingly, the data transmission amoimt over the entire system can be 
decreased, and space-saved forming can be made with the maximum efficiency while 
achieving the reduction of power consumption. 

[0089] Also, because the row decoder 3 1 and the memory row decoder 54 
are provided to enable selection of a scanning line and word line to be driven on the 
basis of an address signal, a scanning line can be selected and driven randomly 
according to an address signal without the necessity of sequential scanning. This is 
convenient for rewriting display data as required. 
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[0090] Also, because the same address signal is inputted to the row decoder 
3 1 and the memory row decoder 54 to cause the respective corresponding points to 
perform storage and display in the same timing, space saving can be made due to 
simpUfication of interconnections and reduction of circuit area. 

[0091] Also, because the row decoder 5 1 can randomly select a pixel 
according to an address signal, random writing can be made without the necessity of 
sequential writing to the pixels (dots) on the same scanning line. This is convenient 
for rewriting display data as reqmred. 

[0092] Also, because the input control circuit 52 and the column selection 
switch section 53 are arranged on a side opposite to the active-matrix LCD section 2 
sandwiching the memory cell section 56, crossover of interconnections is decreased 
thus achieving simpUcity and consumption-power reduction. Moreover, there occurs 
no noise superposition over the analog-driven LCD 2 due to operation of the input 
control circuit 52 and column selection switch section 53, thus reducing noise in 
display. 

[0093] Furthermore, because the memory controller 6 and the timing 
controller 7 are integrally formed on the panel 1, the panel 1 can be directly coupled to 
the CPU 1 lOA, thus providing cost reduction, reliability and space saving for the 
system entirety. 
Embodiment 2 

[0094] Fig. 3 is a figure showing in detail a panel 1 A according to a second 
embodiment of the invention. The panel lA of Fig. 3 differs from the panel 1 of Fig. 
2 in that address signals are independently inputted to the row decoder 3 1 and the 
memory row decoder 54. Due to this, it is possible to make the timing of storage 
different from the timing of display operations. The drive frequency is higher than 
that of storage and display operations in sunultaneous timing. However, various 
forms of driving is feasible, e.g., address data is transmitted to the memory row 
decoder 54 in certain timing to make storage operation, and then address data is 
transmitted to the row decoder 3 1 in the next timing to make display. 

[0095] As above, according to the second embodiment, because address 
signals are independently inputted respectively to the row decoder 3 1 and the memory 
row decoder 54, it is possible to enhance the freedom for selecting a drive method. 
Embodiment 3 
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[0096] Fig. 4 is a figure showing in detail a panel IB according to a third 
embodiment of the invention. The panel IB of Fig. 4 differs from the panel 1 of Fig. 
2 in that a scaimmg line-select-control signal Une and a word line-select-control signal 
Une are respectively laid from the address buffer 71 to the row decoder 3 1 A and the 
memory row decoder 54A, to transmit a scanning line-select-control signal and a 
word-line-select-control signal. The same address signal is inputted to the row 
decoder 3 1 A and the memory row decoder 54A. However, the row decoder 3 1 A is 
allowed to select a scanning Hne only during the period that a scanning line-select- 
control signal is on. Also, the memory row decoder 54A similarly is allowed to select 
a word line only during the period that a word-line-select-control signal is on. 
Consequently, storage and display operations can be made in different timing 
depending upon control of on-off of these signals. 

[0097] As above, according to the third embodiment, the scanning line- 
select period of the row decoder 3 1 A is limited on the basis of the scanning line- 
select-control signal and the word-line-select period of the memory row decoder 54A 
is limited on the basis of the word-line-select-control signal. Therefore, it is possible 
to enhance the freedom for selecting a drive method for storage and display 
operations. Accordingly, various ones of drive control are feasible depending on the 
method. 
Embodiment 4 

[0098] Fig. 5 is a figure representing in detail a panel IC according to a 
fourth embodiment of the invention. The panel IC of Fig. 5 differs from the panel IB 
of Fig. 4 in that a column selection switch section 53 A, a sense amplifier section 57 A 
and memory cell section 56A are laid out taking into account a case such as k = 6. 
Also, the column decoder 51 A and the input control circuit 52A respectively deal with 
signals in two times due to k = 6, as compared to the column decoder 51 and the input 
control circuit 52 (besides this, different from the panel 1 of Fig. 2 in that there are a 
scanning line-select-control signal line and a word-Une-select-control signal Ime). As 
described before, if the memory cells are arranged such that the length in the row 
direction of the memory cell section 56 is equal to or smaller than the length in the 
row direction of the active-matrix LCD section 2, then the memory cells in one 
column can be arranged most efficiently with a saved space width. Accordingly, it is 
ideal to arrange the memory cells in amount of k bits in the row direction to have a 
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length equal to or smaller than the pitch of dots. However, if increasing the tonal 
level, the value of k increases (64 tonal levels at k = 6, display possible in about 260 
thousand colors). That is, there is an increase in the number of memory cells to store 
1-dot data. Due to this, it is to be considered that the arrangement of memory cells in 
5 amount of k bits as they are will exceeds the pitch of dots. Accordingly, the present 
embodiment has a memory array in a multi-stage configuration in the memory cell 
section 56A, wherein the memory cells are laid out and integrally formed to have such 
an arrangement that the length in the row direction of the memory cell section 56A is 
equal to or smaller than the length in the row direction of the active-matrix LCD 
10 section 2. 

[0099] Meanwhile, it is to be considered as another way of thinking that the 
number of memory-array rows is provided integer times the number of scanning lines 
to constitute a 1-dot memory cells in a plurality of rows. In this case, the k-bit DAC 
section 41 time-division-processes digital data to drive the data line. 

1 5 [0100] As above, according to the fourth embodiment, where the length of 

arrangement of k-bit memory cells in the row direction cannot be given equal to or 
smaller than the pitch of dots, the memory array is made in a multi-stage configuration 
to have layout and integral formation such that the length in the row direction of the 
memory cell section 56A equal to or is smaller than the length in the row direction of 

20 the active-matrix LCD section 2. Accordingly, it is possible to facilitate 

interconnections between the memory cell section 56A and the k-bit DAC section 41. 
Thus, space saving can be achieved. 
Embodiment 5 

[0101] Fig. 6 is a figure representing in detail a panel ID according to a fifth 
25 embodiment of the invention. The panel ID of Fig. 6 differs from the panel IB of 

Fig. 4 in arrangement of memory cells in the memory cell section 56B, and in that the 
image signals for two pixels are simultaneously inputted so that the column decoder 
5 IB can select two pixels simultaneously. Furthermore, the input control circuit 52 A 
and the column selection switch section 53 A respectively deal with signals in two 
30 times as compared to the input control circuit 52 and the colunm selection switch 
section 5 3 A. 

[0102] The fourth embodiment explained on the case that the length of 
arrangement of memory cells in amoxmt of k bits is longer than the pitch of pixels. 



26 

Conversely, the length of arrangement of memory cells in amount of plurality of 
pixels (dots) is equal to or smaller than the pitch of one pixel (dot), it is possible to 
further save the space by laying out and integrally forming the memory cells in 
amount of a plurality of pixels (dots) arranged corresponding to the one-pixel (dot) 

5 pitch. However, in this case, the same number of word lines as the scanning lines are 
provided to provide memory cells corresponding to the dots without sharing the word 
lines. It is noted that in this case the sense amplifier section 57 can be shared, 

[0103] Also, in the first to fourth embodiments the row decoder 5 1 was 
configured to select one pixel, as in Fig. 2 to Fig. 5. However, the present invention is 

1 0 not limited to this but may be made to select integer-times simultaneously. In this 
case, the image signal is inputted in proportion to the multiple. 

[0104] As above, according to the fifth embodiment, where the length of 
arrangement with memory cells in amount of plurality of pixels (dots) is equal to or 
smaller than the length of one-pixel (dot) pitch, the memory cells in amount of 

1 5 plurality of pixels (dots) are laid out and integrally formed by arrangement 

corresponding to the one-pixel pitch. Accordingly, space saving can be further 
achieved. Moreover, the sense amplifier section 57 can be shared. Also, because the 
column decoder 5 1 1 can select two pixels simultaneously, the drive frequency can be 
lowered and power-consumption reduction be achieved despite interconnection is 

20 compUcate. Also, sufficient operation is obtamed even if driven by the active 
elements inferior in characteristic to the single-crystal FETs. 
Embodiment 6 

[0105] Fig. 7 is a figure representing in detail a panel IE according to a sixth 
embodiment of the invention. The panel IE of Fig. 7 differs from the panel 1 of Fig. 2 
25 m that the section for actual display is made as a digital-compatible active-matrix 
OEL section 8 as a display drive section and in that the k-bit DAC section 41 is not 
used. 

[0106] OEL (organic Electro Luminescent) means an organic EL element. 
This OEL element is a spontaneous luminescent device different from liquid crystal. 
30 Consequently, the device has the following features and is expected in the display 
field and other fields. 

(1) wide view angle 

(2) reduction of weight and thickness feasible 
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(3) high contrast ratio 

(4) low power consumption (back light not required) 

(5) multi-color feasible due to molecular design 

(6) high-definition display feasible owing to current drive 

[0107] Fig. 8 is a figure showing a circuit arrangement of an active-matrix 
OEL section 8. Fig. 8 shows an arrangement with two pixels. As described before, 
LCD requires alternating-current drive for the purpose of extending the life of liquid 
crystal. Consequently, analog conversion is generally implemented without using 
digital data as it is. Where making OEL luminous, usually digital data is analog- 
converted, e.g. two transistor scheme is used to hold the converted analog signal 
(data) on a capacitance or the like. The output current of the transistor is controlled 
with the converted analog data to control the luminescence of OEL. It is noted that 
OEL is driven on du*ect ciirrent (DC drive). On the other hand, as shown in Fig. 8, it 
is possible to deal with digital data such as an image signal, as it is, stored on each 
memory. 

[0108] Next, explanation will be made on a method for displaying display 
data stored on the fi-ame memory by exemphfying the dot of Rl (R of a pixel on the 
first column). Rl is provided with seven OEL elements to display eight tone levels. 
The seven OEL elements are grouped with one OEL element, two OEL elements and 
four OEL elements respectively, coimected to RIS, RIT and RIU corresponding to 
each bit line. The difference in tonal level is expressed by luminescent area. 
Accordingly, at tonal level 0, RIS, RIT and RIU are not driven not to emit any of the 
elements. At tonal level 1, RIS is driven to make one OEL element luminous. 
Similarly, at tonal level 2, RIT is driven to make two OEL elements luminous, and at 
tonal level 3, RIS and RIT are driven to make three OEL elements luminous. Tonal 
level is represented by the combination of them. This is true for the dots of G and B. 

[0109] Herein, OEL may be DC driven, and refi*esh due to inversion drive is 
usually unnecessary where change in displaying is not required. It is noted that a 
dynamic circuit is used in Fig. 8. Accordingly, even if there is no change in 
displaying, there is need to maintain displaying by refireshing at a constant time 
interval on the basis of the data stored in each memory cell in the fiame memory 
section 5. 
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[0110] Although Fig. 7 describes corresponding to Fig. 2 as the first 
embodiment, it is needless to say that the active-matrix OEL section 8 is applicable to 
the display devices employing the respective panels of the second to fifth 
embodiments. 

5 [0111] Also, although the sixth embodiment shows the example to 

implement digital drive due to so-called area tonal level, it may be, for example, in an 
arrangement to make digital drive by time-division drive or an arrangement to make 
digital drive by the combination of area tonal level and time-division drive, hi order 
to provide time-division drive, on-off signals may be applied, in synchronism with a 

1 0 timing signal repeated with a constant period, to the OEL elements in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel 

[0112] As above, according to the sixth embodiment, because OEL element 
as spontaneous luminescent device is used for display, it is possible not only to obtain 
the effects of the first to fifth embodiments but also to reduce power consumption and 

1 5 weight due to unnecessity of back light. Moreover, because tonal representation is 
feasible by using the digital data to be stored in the frame memory section 5 , as it is, 
without analog conversion, there is no need to use such a circuit as DAC. The 
peripheral circuit can be saved in space and reduced in power consumption. 
Embodiment 7 

20 [0113] Fig. 9 is a figure representing in detail a panel IF according to a 

seventh embodiment of the invention. The panel IF of Fig. 9 differs from the panel 
IE of Fig. 7 in that the section for actual display is made as an active-matrix LCD 
section 2A as a display drive section. 

[0114] Incidentally, the panel IF of Fig. 9 differs from the panel 1 of Fig. 2 

25 in that the section for actual display is made as a digital-compatible active-matrix 
LCD section 2A and in that the k-bit DAC section 41 is not employed. 

[0115] Fig. 10 is a figure showing a circuit arrangement of the active-matrix 
LCD section 2A. Fig. 10 shows an arrangement with two pixels. As described 
before, because LCD requires altemate-current drive for the purpose of extending the 

30 life of liquid crystal, analog conversion is generally made without using digital data as 
it is. The configuration of Fig. 10 is made to deal with digital data such as the image 
signal stored on each memory cell, as it is, as hereinafter described. 
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[0116] Next, a method for displaying the display data stored in the frame 
memory will be explained by exemplifying the dot of Rl (R on the first column 
pixel). Rl has three liquid crystal regions respectively covered with independent pixel 
electrodes in order to represent eight tonal levels. The three hquid crystal regions are 
in area ratio of 1 :2:4 and connected to RIS, RIT and RIU corresponding to each bit 
line. Meanwhile, the region of the active-matrix LCD section 2A other than the liquid 
crystal regions, i.e. the entire region excepting the pixel electrodes, are shaded. 
Accordingly, the difference of tonal level is represented as an area of the liquid crystal 
region in a transmissive state. Hence, at tonal level 0, RIS, RIT and RIU are not 
driven to make every liquid crystal region in a shade state. At tonal level 1 , Rl S is 
driven to make the Uquid crystal region of the area ratio 1 in a transmissive state. 
Similarly, at tonal level 2, RIT is driven to make the liquid crystal region of the area 
ratio 2 in a transmissive state, and at tonal level 3, RIS and RIT are driven to make 
the liquid crystal regions of the area ratio 1 and area ratio 2 in a transmissive state. 
Tonal level is represented by this combination. This is true for the dots of G and B. 

[0117] In this embodiment, a rectangular wave is supplied to the common 
feed line VLC to apply voltage to each liquid crystal region. The voltage of the 
rectangular wave to be supplied to the common feed Ime VLC is a voltage that 
positive and negative potentials can completely raise the liquid crystal. Also, the 
j&equency of the rectangular wave is the same as the frequency of an alternating- 
current drive in the usual hquid crystal display device. This realizes a digital- 
compatible active-matrix LCD section 2A. 

[0118] Incidentally, because Fig. 10 of the present embodiment uses a 
dynamic circuit similarly to Fig. 8 of the sixth embodiment, there is a need to sustain 
displaying by refreshing at a constant time interval on the basis of the data stored on 
each memory cell of the frame memory section 5. 

[0119] Although Fig. 9 describes corresponding to Fig. 2 as the first 
embodiment, it is needless to say that the digital-compatible active-matrix LCD 
section 2 A is appUcable to the display devices employing the respective panels of the 
second to fifth embodiments. 

[0120] Although the seventh embodiment explained the arrangements or the 
like on the assumption of the transmissive type LCD, the similar idea is applicable 
even in a reflective type LCD. In a reflective type LCD, because the devices can be 
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arranged at an underside of the pixel electrodes, more complicated circuit will be 
feasible and advantageous for achieving multi-bit. 

[0121] Also, although the seventh embodiment shows the example to 
implement digital drive due to so-called area tonal level, it may be, for example, in an 
arrangement to make digital drive by time-division drive or an arrangement to make 
digital drive by the combination of area tonal level and time-division drive. In order 
to provide time-division drive, on-off signals may be appHed, in synchronism with a 
timing signal repeated with a constant period, to the liquid crystal in periods different 
on a bit-by-bit basis corresponding to the digital signal on each bit of each pixel. 

[0122] As above, according to the seventh embodiment, because the digital 
data to be stored in the frame memory section 5 can be used as it is without analog 
conversion to provide tonal representation, there is no need to use such a circuit as 
DAC. The peripheral circuit can be saved in space and reduced in power 
consumption. 
Embodiment 8 

[0123] Incidentally, although the above embodiments explained on the 
assumption of the color display, the present invention can cope with a monochromatic 
display. 

INDUSTRIAL APPLICABILITY 

[0124] As above, according to the inventions of claims 1 and 2, where 
integral formation is made using TFTs including a peripheral circuit for example on 
polysiUcon, memory cells of the memory cell section in the nixmber capable of storing 
an image signal for display control of at least the dots on one row of the display drive 
section were allocated corresponding to a length in the row direction of the display 
drive section, besides the colxmm decoder section, column selection switch section 
and data line driver section (e.g. the column decoder section, column selection switch 
section, data line driver and memory cell section allocated to have a row length 
smaller than the length in the row direction of the display drive section). Accordingly, 
the memory cells in one row can be efficiently arranged in a space-saved width. 

[0125] Also, according to the inventions of claims 3 and 4, where a display 
drive circuit for display control using, for example, an organic EL element is 
integrally formed including a peripheral circuit on polysilicon, memory cells in the 
number capable of storing an image signal for performing display control of dots in at 
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least one row of the display drive section are allocated corresponding to the length in 
the row direction of the display drive section, besides the column decoder section, 
column selection switch section and data line driver section (e.g. the column decoder 
section, column selection switch section, data line driver section and memory cell 
5 section are allocated to have a length in the row direction thereof equal to or smaller 
than the length in the row direction of the display drive section). Accordingly, the 
memory cells in one row can be efficiently arranged in a space-saved width. 

[0126] Also, according to the inventions of claims 5 and 6, where a display 
drive circuit for display control using a liquid crystal is integrally formed including a 

10 peripheral circuit, for example, on polysilicon, the memory cells in the number 

capable of storing an image signal for display control of at least the dots on one row of 
the display drive section are allocated corresponding the length in the row direction of 
the display drive section, beside the column decoder section and column section 
switch section (e.g. the column decoder section, column selection switch section and 

15 memory cell section are allocated to have a length in the row direction thereof equal to 
or smaller than the length in the row direction of the display drive section). 
Accordingly, the memory cells in one row can be efficiently arranged in a space-saved 
width. Also, because the organic EL elements are DC-driven, an image signal of a 
digital signal can be directly used, eliminating the necessity of providing such a circuit 

20 as DAC, for example. 

[0127] Also, according to the inventions of claims 7 and 8, where a display 
drive circuit for display control using an organic EL element is integrally formed 
including a peripheral circuit for example on polysilicon, the memory cells of the 
memory cell section in the number capable of storing an image signal for display 

25 control of at least the dots on one row of the display drive section are allocated 

corresponding to the length in the row direction of the display drive section, besides 
the column decoder section and column selection sv^tch section (e.g. the column 
decoder section, column selection switch section and memory cell section are 
allocated to have a length in the row direction thereof equal to or smaller than the 

30 length in the row direction of the display drive section). Accordingly, the memory 

cells in one row can be efficiently arranged in a space-saved width. Also, the organic 
EL element is DC-driven, an image signal of a digital signal can be directly used, thus 
eliminating the necessity of using such a circuit as DAC, for example. 
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[0128] Also, according to the invention of claim 9, even if stracturing 
redundantly in the number of the memory cells in the number capable of storing the 
image signal for display control of the dots on one row of the display drive section, 
they are allocated on the basis of the length in the row direction of the display section 
(e.g. to have a length in the row direction equal to or smaller than the length in the 
row direction of the display drive section). Accordingly, the space-saved width can be 
achieved with efficiency. 

[0129] Also, according to the invention of claim 10, a word line driver 
section for selecting and driving the word Unes provided in the number equal to the 
scanning lines is further integrated on and formed integrally with the substrate, and the 
memory cell section is structured by a memory array corresponding to the dot 
arrangement of the display drive section, to store an image signal required for display 
over one screen. Accordingly, extemal exchange of data amount is decreased, 
achieving reduction in power consumption. 

[0130] Also, according to the invention of claim 11 , the scanning line driver 
section and word Une driver section is made to select a scanning line and word line to 
be driven on the basis of an address signal. Accordingly, no sequential scanning is 
required, and random selection and drive of the scanning line can be made in 
accordance with the address signal. This is convenient in rewriting display data as 
required. 

[0131] Also, according to the invention of claim 12, because the same lines 
are shared m the scanning hne driver section and the word hne driver section, it is 
possible to achieve space saving due to simplification of interconnections and 
reduction in circuit area. 

[0132] Also, according to the invention of claim 13, because independent 
address signals are inputted to the scanning line driver section and the word line driver 
section, it is possible to enhance the freedom in storage and display operations. 

[0133] Also, according to the invention of claim 14, scanning line driver 
section operates to select and drive the scanning line on the basis of the address signal 
only when a scanning line driver control signal is inputted and the word line driver 
section operates to select and drive the word line on the basis of the address signal 
only when a word line driver control signal is inputted. Accordingly, it is possible to 
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enhance the freedom in selecting a driving way of storage and display operations. 
Due to this, a variety of drive control is feasible depending on the method. 

[0134] Also, according to the invention of claim 15, the column decoder 
section is made to randomly select a memory cell to store an image signal due to the 
5 address signal. Accordingly, there is no need to write sequentially onto the dots on 
the same scarming line, and random writing can be made. This is convenient in 
rewriting display data as required. 

[0135] Also, according to the invention of claim 1 6, image signals are 
inputted on one-pixel-unit basis, based on an input of which the colunrn decoder 
10 section selects a memory cell in amount of one pixel as a display-change unit thus 
being convenient. 

[0136] Also, according to the invention of claim 17, image signals are 
inputted on a plurality-of-pixel-unit basis, wherein the column decoder section selects 
a memory cell in amount of a plurality of pixels based on an input thereof, 
15 Accordingly, intercoimections may be complicated but drive frequency can be 

decreased thus achieving reduction in power consumption. Also, sufficient operation 
is available if driving with the active element inferior in characteristic to single crystal 
FET. 

[0137] Also, according to the invention of claim 18, the image-signal-input 
20 interconnection and column selection switch section are formed on a side opposite to 
the display drive section sandwiching the memory cell section. Accordingly, it is 
possible to achieve the reduction in power consumption by decreasing the crossover of 
interconnections and prevent superposition of noise on the display screen due to the 
effects of switching or the like. 
25 [0138] Also, according to the invention of claim 19, a multi-stage structure 

is given in the structure and the formation. Accordingly, even where the memory cell 
cannot be allocated corresponding to the length in the row direction of the display 
drive section because, for example, of increase in the memory cell in amount of one 
dot due to increase in the number of tonal levels, the intercoimections can be 
30 facilitated and space saving be achieved. 

[0139] Also, according to the invention of claim 20, the structure is made by 
a plurality of rows. Accordingly, where the memory cell cannot be allocated 
corresponding to the length in the row direction of the display drive section because. 
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for example, of increase in the memory cell in amoimt of one dot due to increase in 
the number of tonal levels, it is possible to suppress the length in the row direction 
despite the length in the column direction broadens. 

[0140] Also, according to the inventions of claims 21 and 22, where a 

5 plurality of rows of memory cells can be allocated corresponding to the length in the 
row direction of the display drive section, the memory cells in the number capable of 
storing an image signal for display control of a plurality of rows of dots of the display 
drive section are structured by a memory array allocated corresponding to the length in 
the row direction of the display drive section (e.g. the memory cells allocated to have 

10 a length in the row direction equal to or smaller than the length in the row direction of 
the display drive section). Accordingly, space saving is further achieved. 

[0141] Also, according to the invention of claim 23, a timing controller 
section for controlling timing of transmitting the address signal and a memory 
controller section for controlling to transmit the image signal are further integrated on 

15 the substrate and integrally formed therewith, to systematically, integrally forming all 
the peripheral circuit required for display control on the same substrate. Accordingly, 
the system entirety can be made at low cost, reliable and space-saved. 

[0142] Also, according to the invention of claim 24, a D/A converter is 
provided between the display drive section and the memory cell section to supply the 

20 image signal converted into an analog signal to the display drive section. 

Accordingly, display can be made by the display drive section compatible with analog 
signals. 

[0143] Also, according to the inventions of claims 25 and 26, the display 
drive section and the memory cell section are directly coupled together to directly 
25 supply an image signal comprising a digital signal to the display drive section. 

Accordingly, display can be made by the display drive section compatible with digital 
signals, and consumption power be reduced. 
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CLAIMS 

1, A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, to perform display 
control using a liquid crystal by driving said scanning lines and said data lines; 

a scanning line driver section allocated corresponding to a length in a column 
direction of said display drive section, to select and drive said scanning lines; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated corresponding to the length in a row direction 
of said display drive section; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, to select said memory cells for storing an input 
image signal; 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cells selected by said column decoder section; and 

a data line driver section allocated corresponding to the length in the row 
direction of said display drive section, to drive said data lines on the basis of the 
image signal stored in said memory cell section, 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

2. A display device, comprising: 

a display drive section having a plurality of scanning hues and a plurality of 
data lines formed in a grating form corresponding to dots as minimum imits of display 
and active elements provided corresponding to intersections, to perform display 
control using a liquid crystal by driving said scanning lines and said data lines; 

a scanning Une driver section allocated to have a length in a column direction 
equal to or smaller than a length in a row direction of said display drive section, to 
select and drive said scanning lines; 
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a memory cell section having memory cells that are in the nvimber capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the image signal 
and storing the image signal to said memory cells selected by said colxnnn decoder 
section; and 

a data line driver section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to drive 
said data lines on the basis of the image signal stored in said memory cell section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

3. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum units of display 
and active elements provided corresponding to intersections, to emit an organic EL 
elements connected to said active elements by driving said scanning Unes and said 
data lines to perform display control; 

a seaming line driver section allocated corresponding to a length in a colvumi 
direction of said display drive section, to select and drive said scanning Unes; 

a memory cell section having memory cells that are in the nximber capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated corresponding to the length in the row 
direction of said display drive section; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, to select said memory cells for storing an input 
image signal; 
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a coliimn selection switch section allocated corresponding to the length in the 
row direction of said display drive section to switch on the basis of a selection by said 
colnnin decoder section and the image signal and storing the image signal to said 
memory cells selected by said column decoder section; and 

a data line driver section allocated corresponding to the length in the row 
direction of said display drive section to drive said data lines on the basis of the image 
signal stored in said memory cell section, integrated on a semiconductor or an 
insulating substrate and integrally formed therewith. 

4. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of 
data lines formed in a grating form corresponding to dots as minimum imits of display 
and active elements provided corresponding to intersections, to emit an organic EL 
element connected to said active elements by driving said scanning lines and said data 
lines to perform display control; 

a scanning line driver section allocated to have a length in a column direction 
equal to or smaller than a length in the column direction of said display drive section, 
to select and drive said scanning lines; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said colunm decoder section and the image signal 
and storing the image signal to said memory cells selected by said column decoder 
section; and 

a data line driver section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to drive 
said data lines on the basis of the image signal stored in said memory cell section, 
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integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

5. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
5 line^ and a liquid crystal controlled in display by driving the corresponding said 

scanning lines and bit lines and provided on a dot-by-dot basis as minimum units of 
display control, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
10 the display drive section and allocated corresponding to the length in the row direction 
of said display drive section; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, and to select and memory cells for storing an 
input image signal; and 
15 a column selection switch section allocated corresponding to the length in the 

row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cell selected by said column decoder section, 

integrated on a semiconductor or insulating substrate and integrally formed 
20 therevdth. 

6. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and a liquid crystal controlled in display by driving the corresponding scaxming 
lines and bit lines and provided on a dot-by-dot basis as minimum units of display 
25 control, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the row direction of said display drive section, 
30 and each of the memory cells being connected to each of the bit lines; 

a column decoder section allocated to have a length in a row direction equal to 
or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; and 
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a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the image signal 
and storing the image signal to said memory cells selected by said column decoder 
section, 

integrated on a semiconductor or an insulating substrate and integrally formed 

therewith. 

7. A display device, comprising: 

a display drive section having a plurality of scanning lines and a plurality of bit 
lines, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scanning Unes and bit lines and provided on a dot-by-dot basis as 
minimum units of control in display, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
stormg an image signal for performing display control of dots in at least one row of 
said display drive section and allocated corresponding to the length in the row 
direction of said display drive section, and each of the memory cells being connected 
to each of the bit lines; 

a column decoder section allocated corresponding to the length in the row 
direction of said display drive section, to select said memory cells storing an input 
image signal; and 

a column selection switch section allocated corresponding to the length in the 
row direction of said display drive section, to switch on the basis of a selection by said 
column decoder section and the image signal and storing the image signal to said 
memory cell selected by said column decoder section, 

mtegrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

8. A display device, comprising: 

a display drive section having a plvirality of scanning lines and a plurality of bit 
hnes, and organic EL elements to be controlled in luminescent display by driving the 
corresponding scaiming lines and bit lines and provided on a dot-by-dot basis as 
minirmim units of control in display, and formed in a matrix form; 

a memory cell section having memory cells that are in the number capable of 
storing an image signal for performing display control of dots in at least one row of 
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said display drive section and allocated to have a length in a row direction thereof 
equal to or smaller than the length in the rov^ direction of said display drive section 
and each of the memory cells being connected each of the bit lines; 

a column decoder section allocated to have a length in a row direction equal to 
5 or smaller than the length in the row direction of said display drive section, to select 
said memory cells for storing an input image signal; and 

a column selection switch section allocated to have a length in a row direction 
equal to or smaller than the length in the row direction of said display drive section, to 
switch on the basis of a selection by said column decoder section and the image signal 
10 and storing the image signal to said memory cells selected by said column decoder 
section, 

integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

9. A display device as claimed in any one of claims 1 to 8, wherein the 

1 5 number of said memory cells, which is allocated corresponding to the length in the 

row direction of said display drive section and capable of storing the image signal for 
display control of the dots on one row of said display drive section, is structured 
redundantly. 

10. A display device as claimed in any one of claims 1 to 8, wherein said 
20 memory cell section connects said memory cells in the number capable of storing an 

image signal for display control of the one-row dots to each of word lines in the 
number equal to the number of said scanning lines and is structured with a memory 
array corresponding to dot arrangement of said display drive section, and 

a word line driver section for selecting and driving said word lines are further 
25 integrated on and integrally formed with said substrate. 

1 1 . A display device as claimed in claim 10, wherein, on the basis of an 
address signal representative of a display position and a storage position, said 
scanning line driver section selects said scanning lines and said word line driver 
section selects said word lines. 

30 12. A display device as claimed in claim 11, wherein the same address signal 

is inputted to said scanning line driver section and said word line driver section. 
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13. A display device as claimed in claim 11, wherein independent address 
signals are inputted to said scanning line driver section and said word line driver 
section. 

14. A display device as claimed in claim 11, wherein said scanning line driver 
5 section operates to select and drive said scanning lines on the basis of the address 

signal only when a scanning line driver control signal is inputted, and said word line 
driver section operates to select and drive said word lines on the basis of the address 
signal only when a word line driver control signal is inputted. 

15. A display device as claimed in claim 11, whereui said column decoder 
10 section selects the memory cell to store an inputted image signal on the basis of the 

address signal. 

16. A display device as claimed in claim 15, wherein one pixel comprises 
three dots provided for developing and displaying red, blue and green as light source 
colors, the image signal is inputted on the basis of a unit of one-pixel , and said 

1 5 column decoder section selects the memory cell in an amoxmt of one pixel. 

17. A display device as claimed in claim 15, wherein one pixel comprises 
three dots provided for developing and displaying red, blue and green as light source 
colors, the image signal is inputted on the basis of a vmit of a plurality of pixels , and 
said colunm decoder section selects the memory cell in an amount of a plurality of 

20 pixels. 

18. A display device as claimed in any one of claims 1 to 8, wherein an input 
interconnection for the image signal to be stored in said memory cell and said column 
selection switch section are formed on a side opposite to said display drive section 
sandv^ching said memory cell section therebetween. 

25 19. A display device as claimed in any one of claims 1 to 8, wherein said 

memory cell section is allocated with the memory cell corresponding to the length in 
the row direction of said display drive section and formed in a multi-stage structure. 

20. A display device as claimed in claim 10, wherein said word lines are 
provided in the number of integer times the number of the scanning lines, and said 

30 memory cell section is structured by a memory array connecting , by grouping, the 

memory cells in the number capable of storing the image signal for display control of 
the one-row dots of said display drive section to the word lines in the number of the 
integer times. 
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21. A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section is structured by a memory array having the memory cells that are 
in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated corresponding to the length 

5 in the row direction of said display drive section. 

22. A display device as claimed in any one of claims 1 to 8, wherein said 
memory cell section is structured by a memory array having the memory cells that are 
in the number capable of storing the image signal for display control of a plurality of 
rows of the dots of said display drive section and allocated to have a length in the row 

1 0 direction equal to or smaller than the length in the row direction of said display drive 
section. 

23. A display device as claimed in any one of claims 1 1 to 22, further 
comprising: 

a timing controller section for controlling timing of transmitting the address 
1 5 signal, and 

a memory controller section for controlling to transmit the image signal, 
integrated on a semiconductor or an insulating substrate and integrally formed 
therewith. 

24. A display device as claimed in any one of claims 1 to 8, wherein a D/A 
20 converter is provided between said display drive section and said memory cell 

sectionfor converting the image signal comprising a digital signal stored in the 
memory cell into an analog signal, followed by supplying to said display drive section. 

25. A display device as claimed in any one of claims 1 to 8, wherein said 
display drive section and said memory cell section are directly coupled to supply the 

25 image signal comprising a digital signal stored in said memory cell section to said 
display drive section. 

26. A display device as claimed in claim 25, wherein said display drive 
section performs digital drive through area tonal level, time-division tonal level or a 
combination thereof. 
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